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The  Shock  aiui  X^radon  Digest  is  a  monthly  publication 
of  the  Shock  and  Vibradon  Infotmadon  Center.  The  goal 
of  the  Digest  is  to  provide  efficient  transfer  of  sound, 
shock,  and  vibradon  technology  among  researchers  and 
pracdclk.g  engineers.  Subjective  and  objective  analyses  of 
the  literature  are  provided  along  with  news  and  editorial 
material.  News  items  and  atdcles  to  be  considered  for 
publicadon  should  be  submitted  to; 


Dr.  R.L.  Eshleman 
Vibration  Insdtute 
Suite  206,  101  West  55th  Street 
Cl&cendou  Hills,  Illinois  60514 
(312)  654-2254 


Copies  of  articles  abstracted  ate  not  available  from  the 
Shock  and  Vibration  Infotmadon  Center  (except  for  those 
generated  by  SVIC).  Inquiries  should  be  directed  to  li¬ 
brary  resources,  authors,  or  the  original  publishers. 

This  periodical  is  for  sale  on  subscripdon  at  an  annual 
rate  of  fZOO.OO.  For  foreign  subscribers,  there  is  an 
addidonal  25  percent  charge  for  overseas  delivery  on  both 
regular  subscriptions  and  back  issues.  Subscr^tions  are 
accepted  for  the  calendar  year,  beginning  with  the  Janu¬ 
ary  issue.  Back  issues  are  available  —  Volumes  11 
through  16  —  for  ^40.00.  Orders  may  be  forwarded  at 
any  time  to  SVIC,  Code  5804,  Naval  Research  Laboratory, 
Washington,  D.C.  20375-5000.  The  Secretary  of  the  Navy 
has  determined  that  this  publication  is  necessary  in  the 
transacdon  of  business  required  by  law  of  the  Department 
of  the  Navy.  Funds  for  printing  of  this  publication  have 
been  approved  by  the  Navy  Publicadons  and  Prindng  Pol¬ 
icy  Committee. 


SVIC  NOTES 


Subject/Author  Indexes  for  Annual  Technical  Meetings 


Keeping  track  of  the  information  received  at  annual  technical  meetings  is  a 
problem  for  attendees.  If.  like  me,  you  have  attended  one  or  two  meetings  for 
several  years,  you  probably  have  a  five  to  ten  year  set  of  proceedings  sitting  on 
your  bookshelf.  By  now.  you  find  it  difficult  to  find  particular  articles,  especially 
the  older  ones.  Others  in  your  office  find  it  even  more  difficult  to  find  the  same 
information  because  they  didn't  even  go  to  the  meeting.  The  proceedings  gather 
dust  and  the  return  on  the  investment  made  by  your  organization  to  send  you  to 
the  meeting  and  buy  the  proceedings  becomes  nil. 


All  of  these  problems  would  be  solved  if  meeting  organizers  would,  at  regu¬ 
lar  intervals,  publish  a  subject/author  index  of  their  proceedings.  Such  an  index 
is  a  great  time  saver  and  allows  an  organization  to  extract  the  maximum  benefit 
from  the  proceedings. 


There  are  several  key  principles  to  follow  when  creating  an  index:  (1)  keep 
it  simple,  (2)  design  it  to  serve  the  needs  of  the  meeting  attendee,  (3)  base  the 
subject  index  primarily  on  the  titles  of  the  individual  meeting  sessions  followed 
by  the  most  significant  subject  terms  in  the  titles  of  the  papers.  The  first  princi¬ 
ple,  keeping  the  index  simple,  increases  the  likelihood  that  the  index  will  be  pro¬ 
duced  at  regular  intervals  because  production  will  be  easier.  The  second  and 
third  principles  are  interlocked  and  logical.  Ask  the  question,  "in  what  way  does 
the  average  person  recall  what  they  learned  at  a  meeting?"  Most  likely  they  will 
remember  the  overall  title  of  a  session  they  actually  attended  such  as  PYRO¬ 
TECHNIC  SHOCK  or  MODAL  TESTING.  They  also  might  remember  one  or  more 
major  subjects  from  the  title  of  a  paper  they  heard  or  even  the  name  of  the 
author.  It  is  logical  then  to  create  an  index  according  to  the  above  principles  two 
and  three,  because  it  fits  well  with  the  way  human  memory  operates. 


If  there  isn't  an  index  to  your  favorite  set  of  proceedings,  take  steps  to  have 
one  created;  better  yet,  get  on  a  working  group  to  create  one  yourself.  The  best 
solution,  of  course,  would  be  to  have  the  meeting  planners  themselves  put  the 
index  together. 


Accesion  For 


NTIS  CRA&I 
DTIC  TAB 
Unannounced 
Justification 


ByNKLlm. 

Distribution/ 


Availability  Codes 

Oist 

Avail  a'-d/or 

Spc;Cidl 

2/ 

•  V- .  -  .V 


■  '  •  •  -J*  •  ■  1 


V  VvV.vJ 
'  ■  :  .NV-i'W 


.‘‘•j 


A 


i  V*!.  ’.-’H 


EDITORS  RATTLE  SPACE 


THE  ENGINEER  AND  SOCIETY 


In  a  recent  article  in  Science  magazine*  an 
editorial,  '"nie  Status  of  Engineering",  dealt 
widi  die  role  of  the  engineer  in  modern 
society.  In  essence  Baker  concludes  that 
unless  there  is  more  media  awareness  and 
recognition  of  the  engineering  profession  the 
standard  of  living  in  USA  will  decline. 
While  this  may  seem  like  a  naive  and 
sweeping  conclusion,  it  is  not  without  basis. 
The  conclusion  is  based  on  the  premise  that 
widiout  recognition,  encouragement,  and 
reward  a  profession  does  not  attract  good 
people.  Widiout  talented  persons  we  will 
uot  be  able  to  design  the  complex  systems 
required  to  maintain  the  status  quo  --  much 
less  move  ahead.  Apparendy  some  coun¬ 
tries  other  than  USA  have  been  able  to 
overcome  this  problem. 

lit  my  opinion,  the  signs  of  this  decline  are 
present.  Our  widening  trade  deficit  means 
more  than  a  lack  of  management.  Much 
publicity  has  been  given  to  Japanese  style 
management;  however,  litde  significance  is 
given  to  efficient  production  methods  in¬ 
cluding  the  use  of  robots.  The  facts  of  life 
indicate  that  increased  efficiency  and 
productivity  is  necessary.  Yet  few  of  our 
schools  remotely  relate  to  production  engi¬ 
neering.  I  do  not  fault  the  schools  for  this 
problem  ~  the  motivation  has  to  come  from 
society.  This  leads  me  into  another  sign  of 
decline.  One  of  the  most  valuable  re¬ 
sources  of  any  society  is  its  schools  and 
universities.  Today  our  university  system  is 
in  jeopardy.  Good  people  are  not  being 
properly  recognized  .  or  rew.arded.  The 
result  will  be  inferior  training  for  future 
engineers.  This  means  T%fs  infipvafion  and 
ability  to  develop  '  the  complex  Systems 
required  to  function  in  the  society  6f 
tomorrow.  The  fact  that  few  engineers  are 
taking  graduate  training,  and  that  talented 
professors  are  leaving-  die  university  be¬ 
cause  of  financial  hardship  are  adequate 
sigfu  of  decline.  The  design  of  the  com¬ 
plex  interdisciplinary  systems  of  tomorrow 
will  require  more  training  and  better  physi¬ 


cal  understanding  than  ever  required  in  our 
present  space  age. 

Baker  comments  that  the  public  is  more 
aware  of  scientism  and  science  than  of 
engineers.  I  believe  this  is  only  true  for 
die  case  of  persons  involved  in  the  life 
sciences.  The  media  deal  with  the  life 
sciences  quite  well  —  largely  because  the 
average  person  in  society  can  relate  to  this 
area.  I  don't  think  the  media  deals  any 
better  with  physical  scientism  dian  engi¬ 
neers.  It  is  a  fact  that  the  average  person 
in  society  is  unaware  of  what  an  engineer 
docs  ~  nor  does  he  or  she  care.  To  the 
public,  the  engineer  is  some  mystical  genius 
who  uses  a  lot  of  math  to  do  hit  or  her 
job.  In  recem  years  I  have  been  increas¬ 
ingly  aware  of  the  life  science  orientation 
of  educational  programs  on  television.  The 
little  exposure  I  have  had  in  other  countries 
showed  diit  was  not  true.  Furthermore  I 
cannot  explain  why  the  media  have  neg¬ 
lected  physical  systems  and  all  that  it 
associated  widi  them.  Even  the  space 
shutde  did  not  help  the  situation.  Perhaps 
it  is  because  engineers  and  scientism  ate 
satisfied  to  quietly  do  their  job.  Perhaps  it 
would  be  good  for  both  diem  and  society  if 
diey  were  more  vocal.  The  successful 
people  that  1  have  known  were  successful 
not  only  because  they  were  talented  but 
also  because  they  let  people  know  of  their 
accompli  shmenm. 

In  my  opinion,  society  is  going  to  have  to 
become  mote  aware  of  engineers  and  what 
diey  do  if  we  are  to  increase  recognition 
and  reward  ~  diose  factors  necessary  to 
increase  the  productivity,  ability,  and  inge- 
iwity  requited  to  maintain  and  increase  our 
standard  of  living.  Only  the  media  have 
die  power  to  accomplish  this  task.  Perhaps 
engineers  will  have  to  be  mote  vocal  and 
educate  the  media  on  these  facts  of  life. 


R.L.E. 


*Baket,  D.  Kcaoudi,  -'*I1w  Statu*  of  Engioccring,"  29t  (4721)^  4  October  19SS,  p  IS. 


ACOUSnC  EMISSIONS  FROM  WISE  AND  SYNTHETIC  ROPES 


P.A^.  Lnta* 


AbMcact.  The  mptatc  of  mechanical  cablce 
need  in  towing  epetationa,  remote  control  of 
cqnipmcae,  and  ealeage  operations  can 
rcsi^  in  loss  of  bodt  life  and  eqaipment. 
Accocdinglp,  reliable  and  siaaple  methods  to 
assess  die  strvctntal  integtitp  of  mechanical 
cables  ate  of  otmoet  importance.  The 
present  paper  is  a  brief  review  of  applica¬ 
tions  of  die  acoustic  emission  method  from 
the  point  of  view  of  die  nondestructive 
evahunioo  of  wire  and  synthetic  topes  and 
monitoting  dieit  mechanical  status  while  in 
operatian. 

Cables  and  cable  systems  are  extremely 
important  in  ocean  and  coastal  engineering; 
e.g.,  mooring  buoys  and  vessels,  towing  and 
trawling  operations,  supporting  underwater 
instruments.  Such  systems  also  constitute 
essential  structural  elements  in  tension  leg 
platforms  and  suspended  bridges  [1]. 

As  stated  by  Harris  and  Dunegan  [2]  "the 
extensive  use  of  wire  tope  in  a  wide  vari¬ 
ety  of  applications,  and  the  difficulty  of 
nondesttuctively  evaluating  the  integrity  of 
tope  by  conventional  techniques,  has  led  to 
an  increased  interest  in  the  acoustic  emis¬ 
sion  characterixation  of  such  components." 
Similar  considerations  are  valid  in  the  case 
of  syndietic  topes.  Acoustic  emission 
techniques  have  been  used  in  applications 
ranging  from  nuclear  reactors  and  ^ace 
vehicles  technology  to  materials  research. 

Acoustic  emission  phenomena  begin  when  a 
crack  propagates  in  a  stressed  solid.  A 
portion  of  die  strain  energy  stored  in  the 
body  is  released  and  a  compression  wave  is 
propagated.  The  resulting  particle  motions 
can  be  picked  up  by  transducers  placed  at 
the  surface  of  die  solid.  Acousdc  emission 
techniques  ate  very  sensitive  to  wire  or 
fiber  breakage  and  ate,  therefore,  well 
suited  foe  monitoting  the  structural  status  of 
wire  [3]  or  syndietic  rope  [4]  and  for 
performing  nondesuuctive  evaluation. 


ACOUSTIC  EMISSIONS 
IN  THE  CASE  OF  WISE  ROPE 

A  brief  review  of  research  into  failure 
mechanisms  of  cable  topes  and  the  acoustic 
emission  signatures  of  the  various  cables 
has  been  published  [S].  Early  uses  of  the 
acoustic  emission  method  to  detect  deterio¬ 
ration  of  a  cable  prior  to  complete  failure 
were  motivated  by  the  loss  of  the  deep 
submersible  ALVIN  [3].  These  early  inves¬ 
tigations  showed  that  clearly  audible  stress 
waves  were  emitted  at  approximately  95 
percent  of  the  maximum  load  allowed. 

Harris  and  Dunegan  [2]  extended  early 
investigations  and  performed  cyclic  loading 
experiments  and  rising  load  tests.  They 
obtained  several  important  tesuks: 

acoustic  emission  techniques  can  be 
used  to  measure  the  number  of  wires 
that  break  during  a  given  loading  of  a 
cable 

faulty  cables  can  be  easily  distin¬ 
guished  by  the  acoustic  emission 
mediod 

continuous  acoustic  monitocing  of 
fatigue  cycling  of  cables  is  easily 
accomplished  and  provides  ample 
warning  of  impending  fatigue  failure 

From  the  point  of  view  of  developing  a 
realistic,  operational  system  the  most 
important  contribution  was  work  performed 
at  the  Defence  Research  EstabUshment 
between  1976  and  1979  [6].  The  research 
program  hat  resuked  in  a  tiiorough  under¬ 
standing  of  the  acoustic  response  from  an 
AN/SQS  505  VDS  (variable  depth  sonar)  tow 
cable  and  use  of  that  information  to  safe¬ 
guard  a  towed  body  from  loss  due  to  fa¬ 
tigue  failure  of  the  cable.  An  impressive 
amount  of  experimental  work  was  per¬ 
formed  that  made  it  potsi>le  to  design  a 


cable  motatoting  syatem.  The  ttaniducet 
and  pteamplifiei  ate  mounted  at  the  point 
of  moat  probable  failure  of  the  VDS  cable: 
the  aea-end  cable  termination. 


ACOUSnC  EMISSIONS  IN  THE  CASE 
OF  SYNTHETIC  ROPE 

It  haa  been  atated  [7]  that  "the  rupture  of 
a  ayntfaetic  fiber  tope  (or  line  in  marine 
uae)  under  atreaa  ia  often  aaaociated  with  an 
exploaive  anapback." 

"Any  object  or  individual  in  the  path  of  the 
rope  anapback  may  auffet  aerioua  damage 
or  iiquty.  In  apite  of  a  diatinct  need  for 
nondeattuctive  evaluation  (NDE)  ptocedutea 
for  the  atructural  integrity  aaaeaament  of 
new  and  uacd  aynthetic  linea,  NDE  proce- 
dutea  are  curtendy  limited  to  viaual  exami- 
nationa." 

Vanderveldt  and  Tran  [4]  were  the  fitat 
teaearcheta  to  apply  the  atreaa  wave  emia- 
aion  monitoring  method  to  die  atudy  of 
ayntfaetic  topea.  They  examined  three 
different  typea  of  braided  aynthetic  tope: 
nylon  cover  over  nylon  cote,  polyeatet 
covet  over  polypropylene  cote,  and  nylon 
covet  over  polypropylene  cote.  An  accel¬ 
erometer  waa  uaed  to  detect  atreaa  wavea  in 
the  procedure  utilized  [}]. 

Vanderveldt  and  Tran  [4]  ahowed  that  an 
incteaae  of  at  leaat  an  order  of  magnitude 
in  die  alt^e  of  the  curve  of  the  number  of 
atreaa  wave  emiaaiona  va  the  applied  load  it 
a  good  indicator  of  impending  cataattophic 
failure.  No  aignificant  diffetencea  in  atreaa 
wave  emiaaion  chatacteritdea  were  obaetved 
for  the  three  typea  of  aynthetic  topea  con- 
aider  ed  [4]. 

Acouatic  emiaaiona  of  aynthetic  topea  tub- 
jected  to  loading  have  been  atudied  by 
other  reaearchert.  Important  teaukt  were 
obtained  by  Williama  and  Lee  [7].  Re- 
cendy  die  NDE  technique  of  acouadc-ukta- 
aonic  tetdng  hat  been  applied  to  nylon 
topea  [8]. 

The  NDE  technique  of  acouadc-ultratonic 
tetting  involvet  introduction  of  an  ulttatonic 
pulae  into  a  atructural  tyttem  via  a  ttana- 
mitting  tranaducer.  The  dynamic  dianir- 
bance  ia  detected  by  a  receiving  ttanaducet 


mounted  on  the  tame  face  of  the  atructute. 
The  teauk  it  generally  defined  at  die  atreaa 
wave  factor  (SWF).  The  SWF  ia  evaluated 
at  the  number  of  thteahold  croatinga  of  the 
ting-down  oacilladona  in  the  ou^ut  tignal 
from  the  receiving  tranaducer.  Thia  pa¬ 
rameter  indicatea  the  reladve  efficiency  of 
energy  tranamiaaion  at  the  receiver  fre¬ 
quency  [8]. 

Acoutdc-ukraaonic  NDE  have  been  con¬ 
ducted  on  new  dry  Samton  double-braided 
2-in.  nylon  tope  [8].  Streaa  wave  factMt 
were  determined  at  variout  tenaiona  for 
undamaged,  cote  cut,  core  removed,  and 
cover  cut  tope  aamplea.  Thia  excellent 
atudy  ahowt  that  there  ate  characteriadc 
SWF  vt  load  ptopetdea  for  undamaged  and 
damaged  ropea. 

However,  the  SWF  characteriadc  a  ate 
cauaed  by  complex  mechaniama.  Two 
variablea  widi  conaiderable,  competing 
effecta  ate  the  tranaducet-rope  contact  area 
and  the  tope  compaction  coupling  between 
all  the  atructural  membera:  fibeta,  yatna, 
cote,  and  cover.  Aa  atated  by  the  invead- 
gatora  [8],  "the  SWF  characteriadca  are  due 
to  rather  complex  mechaniama.  Thua, 
applicadona  of  the  atreaa  wave  factoc  in  the 
NDE  of  attuctutea  in  general,  and  ayntfaetic 
fiber  topea  in  particular,  ahould  be  coupled 
widi  adequate  SWF  modeling  to  achieve  the 
maximum  capability  and  the  proper  intet- 
ptetadon  of  die  teaukt  of  diia  teat  tech¬ 
nique." 
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LITERATURE  REVIEW:  SS' 

The  moatUy  Literature  Review,  a  subjective  critique  and  summary  of  the  lit¬ 
erature,  consists  of  two  to  four  reviews  each  mondi,  3,000  to  4,000  words  in 
lengdi.  The  purpose  of  this  section  is  to  present  a  “digest?'  of  literature  over  a 
period  of  three  years.  Planned  by  the  Technical  Editor,  this  section  provides 
die  DIGEST  reader  with  up-to-date  insights  into  current  technology  in  more 
than  130  topic  areas.  Review  articles  include  technical  information  from 
articles,  reports,  and  unpublished  proceedings.  Each  article  also  contains  a 
minor  tutorial  of  the  technical  area  under  discussion,  a  survey  and  evaluation 
of  the  new  literature,  and  recommendations.  Review  articles  ate  written  by 
experts  in  the  shock  and  vibration  field. 
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RECENT  RESEARCH  ON  TURBULENT  PLOW  NOISE  MECHANISMS 
DJ.  Long*  and  R.E^.  Acndt* 


Abatiact.  Thia  acticle  ia  concecncd  widi  dtc 
ptcaaotc  field  gcnctatcd  by  laige-acalc 
cehetent  aetiana  in  tnxbnlcnt  flowa.  A 
general  decoaapoaitian  ia  diacnaaed  diet 
eealnatea  die  aagnitiide  of  the  coherence  in 
an  onbiaaed  way.  Thia  tanl  ia  deacribed  in 
teraa  of  two  flowa  of  current  intereat,  jeta 
and  bonndary  layera. 

Ai  widi  most  disciplines,  the  expetimentsl 
techniques  used  in  tutbulence  teseatch 
follow  from  what  is  believed  to  be  the 
physics  of  the  problem.  Turbulence  was 
once  thought  to  be  a  random  and  chaotic 
motion  of  parcels  of  fluid  riding  upon  a 
given  mean  flow  pattern.  Previous  mea¬ 
surements  reflect  this  view.  The  structure 
of  a  turbulent  boundary  layer,  for  instance, 
was  diought  to  be  desctibable  in  terms  of 
regions  of  the  mean  velocity  profile.  Such 
terms  as  sublayer,  buffer  layer,  logaridimic 
region,  and  wake  region  are  typical  [1]. 

There  has  been  an  increasing  awareness 
that  the  fluctuating  component  may  not  be 
totally  random.  Flow  visualization  studies 
indicate  that,  in  addition  to  the  mean  and 
random  components  of  the  motion,  there 
may  be  a  third  term,  which  is  known  as  a 
quasi-coherent  motion.  Spurred  by  visual¬ 
ization  in  boundary  layers  [2,  3]  and  in 
jets  and  shear  layers  [4-7]  investigators 
began  to  study  whether  the  presence  of  this 
quasi-coherent  motion  played  a  major  role 
in  turbulence  dynamics.  Such  words  as 
bursts,  sweeps,  and  streaks  were  used  to 
describe  the  boundary  layer  structure  in 
place  of  words  based  on  mean  velocity 
profile.  A  similar  trend  was  noted  in 
studies  of  jets  and  shear  layers. 

Some  investigators  [8,  9]  then  began  to 
question  the  role  played  by  these  coherent 
structures  in  the  noise  radiation  process, 
mostly  in  jets  and  to  a  limited  degree  in 
boundary  layers.  It  was  noticed  that  these 


large-scale  structures  were  readily  observ¬ 
able  at  Reynolds  numbers  based  on  jet 
diameter  less  than  10^  but  disappeared  at 
higher  Reynolds  number.  Curiously, 
changes  in  radiated  noise  also  occurred, 
depending  on  whether  the  Reynolds  number 
was  less  than  or  greater  than  10^  [10,  11]. 
Some  investigators  thought  that  the  large 
scales  might  still  be  present  but  were 
masked  by  the  high  level  of  small-scale 
tutbulence  [8]. 

Any  of  three  possible  mechanisms  might 
actually  produce  the  noise.  One  is  the 
traditional  view  diat  the  tutbulence  it 
composed  of  a  large  number  of  random 
turbulent  eddies  acting  independendy  and 
that  the  noise  is  produced  by  collisions  and 
vibrations  of  small-scale  eddies  [12]. 

A  second  possibility  it  that  the  large-scale 
structure  produces  noise  direedy.  An 
example  it  a  jet  excited  by  a  pure  tone. 
At  a  very  specific  condition  [13,  14]  the 
jet  can  be  made  to  produce  discrete  tones 
in  d>e  noise  spectrum  that  can  be  direedy 
related  to  the  large  structure.  It  it  thought 
that  successive  vortex  pairings  cause  a 
fluctuating  stress  that  acts  as  a  noise  source 
and  produces  the  tones.  It  it  not  known  if 
diia  mechanism  occurs  in  unexcited  or 
natural  jets  to  any  significant  degree. 

It  it  the  third  possibility  that  we  feel  is 
most  plausible  for  natural  jets  and  possibly 
boundary  layers:  the  large-scale  structure 
acts  as  a  modulator  of  the  smaller  scales 
that  actually  produce  the  noise.  The  large 
scales  may  thus  be  making  the  process 
either  more  or  lest  efficient.  Obviously, 
diis  concept  is  very  difficult  to  prove 
conclusively,  but  there  it  tome  evidence  to 
support  it  [8,  9]. 

Traditional  jet  noise  experiments  [13,  16] 
were  conduaed  assuming  that  the  first 
pots3>ility  was  the  correct  mechanism.  The 
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experiments  were  generally  designed  to 
verify  die  theory  [12,  17]  through  measure¬ 
ments  of  intensity,  directivity,  and  specttal 
density.  The  general  features  were  veri¬ 
fied;  subtle  discrepancies  were  explained 
away  as  due  to  scattering  and  interference 
effects.  In  view  of  the  possible  presence 
of  coherent  structures,  these  subleties  should 
be  reexamined. 


Far-field  measurements  ate  doomed  to 
failure  in  determining  the  nature  of  the 
source  in  part  because  of  the  extremely 
small  amount  of  total  jet  power  that  it 
radiated  as  noise.  The  acoustic  radiation 
efficiency  of  a  subsonic  jet  is  on  the  order 
of  10~^  timet  the  Mach  number  to  the  fifth 
power  [IS];  the  noise  source  mechanism  it 
therefore  associated  with  a  very  small 
fraction  of  the  local  turbulence  energy.  It 
seems  likely  then  that  the  radiated  noise 
does  not  result  from  grots  features  of  the 
turbulence  but  from  a  much  mote  subtle 
interaction.  Therefore,  attempts  at  a  corre¬ 
lation  between  fat-field  noise  and  local 
turbulence  appear  tenuous  at  best. 


If  measurement  procedures  are  at  unbiased 
at  possible,  subjectivity  is  restricted  to 
interpretation  of  results.  If  a  procedure  is 
applied  to  many  timilat  experiments,  subtle 
interactions  and  differences  may  provide  a 
clue  to  the  radiated  noise  problem.  At 
present,  however,  every  experiment  it 
conducted  differently  and,  due  to  individual 
bias,  not  only  the  results  but  alto  the 
measurement  procedures  ate  sul^ect  to 
interpretation.  Two  similar  experiments  can 
appear  to  show  opposite  results  due  to  the 
measurement  techniques  employed  [18,  19]. 


Two  experimental  situations  in  which  radi¬ 
ated  noise  it  of  concern  ate  considered 
below:  jet  noise  (the  most  obvious  exam¬ 
ple)  and  boundary  layer  noise.  A  proposed 
procedure  is  to  decompose  the  fluctuations 
associated  with  the  turbulence  into  ordiogo- 
nal  components;  i.e.,  the  so-called  Kat- 
hunen-Loeve,  or  K-L,  expansion.  These 
components  are  related  to  the  structure  of 
the  turbtilence  and  discussed  in  terms  of 
possible  noise  generators.  Homogeneous 
and  stationary  random  variables  ate  also 
briefly  discussed. 


STATIONABY  AND  HOMOGENEOUS 
PROCESSES 

The  significance  and  usefulness  of  the  K-L 
expansion  tests  in  its  use  in  nonhomogene- 
ous  and  nonstationary  situations.  Station- 
atity  traditionally  refers  to  a  time  signal; 
homogeneity  refers  to  a  spatial  structure. 
From  an  analytic  point  of  view  they  mean 
the  same  thing;  i.e.,  only  relative  distances 
ate  important  in  terms  of  statistics.  As  fat 
as  the  time  signal  is  concerned,  the  random 
signal  under  consideration  hat  the  sam . 
general  character  at  present  as  it  will  at  a 
later  time;  the  mean  level,  tms  level,  and 
higher  order  moments  ate  invariant.  At 
fat  as  spatial  variables  ate  concerned,  the 
correlations  and  length  scales  ate  invariant 
from  point  to  point. 

The  alternative  to  either  situation  is  that  the 
signal  is  either  nonhomogeneous  or  nonsta¬ 
tionary.  A  few  specific  examples  illustrate 
dte  point.  For  instance,  the  acceleration  of 
a  body  immersed  in  a  fluid  or  the  start-up 
of  a  wind  tunnel  ate  examples  of  a  nonsta¬ 
tionary  process;  the  motion  of  a  body  at 
constant  velocity  through  a  fluid  or  the 
continuous  operation  of  a  wind  tunnel  ate 
stationary. 

Note  that  an  experiment  could  be  classified 
either  as  stationary  or  nonstationary  depend¬ 
ing  on  the  desired  result.  A  cavitation 
experiment  is  an  example.  The  overall 
situation  it  stationary;  that  it,  the  character 
of  die  output  signal  it  the  same  at  any 
instant.  On  the  other  hand,  the  output  of  a 
single  cavitation  event  is  nonstationary. 
There  is  no  noise  before  the  event.  The 
event  causes  an  intense  pop  that  it  followed 
by  a  few  oscillations  due  to  the  bubble 
rebounding.  The  character  of  this  event  it 
n<K  the  same  at  any  instant.  A  tingle 
event  is  nonstationary  bu  the  whole  experi¬ 
ment  it  stationary. 

Spatial  variables  can  be  treated  similarly. 
They  are  either  homogeneous  or  nonhomo¬ 
geneous.  However,  because  space  it  de¬ 
scribed  by  a  vector  comprised  of  three 
perpendicular  directions,  it  ia  direction  that 
is  homogeneous  or  nonhomogeneous. 

A  simple  example  it  two-dimensional  shear 
layer.  The  flows  have  been  studied  exten¬ 
sively  in  laboratory  experiments  because 
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they  show  all  the  features  of  more  complex 
flows.  The  three  independent  directions  ate 
denoted  in  the  usual  sense  by  z,  y,  and  z; 
the  orientation  of  the  mixing  layer  it  shown 
in  Figure  1. 


Figozc  1.  Mizsng  Layer  Otientatioii 


The  orthogonal  decomposition,  or  Karhunen- 
Loeve  (K-L)  expansion,  is  a  technique  for 
studying  the  spectral  content  of  a  nonhomo- 
geneout  direction  or  a  nonstationary  pro¬ 
cess.  The  objective  is  to  decompose  the 
original  signal  into  its  component  eigenval¬ 
ues  and  eigenfunctions.  This  it  similar  to 
Fourier  analysis  of  a  signal,  but  Fourier 
methods  ate  restricted  to  stationary  or 
homogeneous  processes.  Both  methods  seek 
an  energy  content  (eigenvalue)  and  a  char¬ 
acteristic  form  (eigenfunction).  The  differ¬ 
ence  is  that  in  Fourier  analysis  the  forms 
of  the  eigenfunction  ate  known;  they  ate 
the  harmonic  functions.  It  can  be  shown 
that  the  K-L  expansion  reduces  to  the 
harmonic  decomposition  if  the  independent 
variable  is  homogeneous. 


The  transverse  direction  y  is  homogeneous 
because  the  flow  variables  should  have  the 
same  general  character  from  one  point  to 
the  next.  The  existence  of  end  plates  or  a 
finite  widdi  channel  mtut  be  neglected;  only 
the  interior  portion  can  be  considered 
homogeneous.  For  a  large  aspect  ratio 
(width /height  >  10)  this  is  a  satisfactory 
approximation." 

The  vertical  direction  is  strongly  nonhomo- 
geneous;  the  flow  properties  change  signifi¬ 
cantly  from  one  point  to  the  next.  This  is 
easily  seen  by  noting  the  change  in  the  tms 
fluctuation  level  across  the  layer.  The 
center  has  a  high  intensity  that  dies  off 
almost  to  zero  in  the  two  free  streams. 
Other  properties  and  moments  also  change, 
but  the  vertical  direction  can  be  defined  as 
nonhomogeneous. 

The  streamwise  direction  is  also  nonhomo¬ 
geneous;  small-scale  eddies  occur  close  to 
the  origin  of  the  mixing  layer,  and  larger 
scales  occur  further  downstream.  Each  eddy 
scale  exists  for  only  a  limited  spati^ 
range. 

Even  the  simplest  turbulent  flows  ate 
nonhomogeneous  in  at  least  one  direction. 
In  fact,  three-dimensional  homogeneous 
turbulence  it  difficult  to  find  except  in  the 
limited  context  of  grid  turbulence  in  a  wind 
tunnel.  Nonhomogeneity  is  the  rule  rather 
than  die  exception. 


Even  though  the  K-L  expansion  is  a  gener¬ 
alization  of  Fourier  methods,  it  is  not 
widely  used  in  turbulence  analysis.  The 
reason  is  pardy  that  the  technique  was  only 
recendy  intt^uced  to  the  turbulence 
community  [2  0]  and  pardy  because  of  the 
enormous  amount  of  input  data  required.  A 
nonhomogeneous  variable  requires  an 
amount  of  input  data  equivalent  to  that  of  a 
homogeneous  variable  squared.  If  an 
adequate  description  of  a  homogeneous 
variable  can  be  obtained  from  ten  measure¬ 
ments,  a  similar  description  for  a  nonhomo¬ 
geneous  will  require  100  measurements. 
The  measurement  that  is  typically  necessary 
is  the  cross-spectral  density  between  two 
measurement  probes. 

The  technique  centers  around  the  eigenvalue 
problem 

(1) 

R(x,x’ ;y,y’ ; . . . ;t, t' ) 

(x' ,y' , . . .t' )dx' ,dy' , . . .dt' 

=  |x2l(n)v(n)(^,y . t) 

This  problem  it  a  result  of  decomposing  the 
original  signal  into  its  component  eigenval¬ 
ues  and  eigenfunctions.  For  instance,  for  a 
scalar  random  signal  P 


(2) 


P(x,y,...,t)  =  I 

n=l  " 

The  form  an  orthonotmal  basis  and  the 
eigenvalues  contain  the  amplitude  informa¬ 
tion.  This  can  be  developed  into  equation 
(1)  where  R(x,x’:,..)  is  the  covariance  of  P 
[21],  Formally  this  covariance  is  the 
expected  value  of  P  over  all  lags, 

(3) 

R  ( X  ,  X  '  ;  y  ,  Y  '  ;  .  .  .  '  t ,  t '  ) 

=  E'P(x,y,t),P(x',y',t')} 

Widiout  too  much  difficulty,  it  can  be 
extended  to  a  vector  field  Uj  insread  of  the 
scalar  P.  The  covariance  becomes  a  tensor 
valued  function  Rij(x,.,).  For  the  present, 
scalar  functions  omy  ate  used  for  simplic¬ 
ity. 

Equation  (1)  can  be  interpreted  independent¬ 
ly  for  each  independent  variable.  Because 
time  is  a  stationary  variable  in  most  situa¬ 
tions,  it  can  be  treated  by  a  Fourier  trans¬ 
form.  The  Fourier  transform  of  equation 
(1)  can  be  written  as 

(4) 

S(x,x';y,y';...;£^)V^"^(x',y',...;u,) 


S  is  the  cross-spectral  density  function 
between  two  measurement  locations  and  can 
be  determined  by  standard  methods.  The 
resulting  eigenvalues  and  eigenvectors*  are 
interpreted  for  each  frequency  component. 
This  process  can  be  repeated  for  each 
homogeneous  direction.  The  resulting 
matrix  equation  need  only  be  solved  for  the 
nonhomogeneous  directions. 

The  solution  to  equation  (4)  is  easily  ob¬ 
tained  by  the  power  method.  The  power 
method,  which  is  discussed  in  most  texts  on 
numerical  mediods,  is  an  iterative  scheme 
in  which  eigenvalues  and  eigenvectors  arc 
produced  in  order  of  importance.  After  a 
solution  is  obtained,  the  eigenvalues  and 


eigenvectors  are  the  complete  spectral 
representation  of  the  problem.  They  can  be 
interpreted  in  much  the  same  fashion  as  a 
spectral  density. 

An  alternative  to  harmonic  decomposition 
for  stationary  variables  is  the  shot-noise 
decomposition.  This  technique  is  useful  for 
obtaining  information  about  time-dependent 
qualities  of  flow.  It  can  be  incorporated 
with  the  orthogonal  decomposition  into  a 
valuable  method  that  allows  a  quantitative 
measure  of  coherent  structures  in  turbulent 
flows  [2  0]. 

The  shot-effect  was  developed  for  studying 
the  statistics  of  vacuum  tube  noise  when  a 
pulse  is  emitted  every  time  an  electron 
reaches  the  anode  [22].  It  defines  the 
statistical  variation  of  a  sequence  of  pulses 
with  constant  amplitude,  a  well-defined 
shape,  and  random  arrival  times  at  the 
anode.  Regardless  of  how  well  the  pulses 
ate  defined,  the  probability  distribution  of 
the  signal  will  be  normal  because  of  the 
random  arrival  times.  The  randomness  of 
arrival  time  implies  that  the  individual 
pulses  ate  independent  of  one  another;  the 
central  limit  theorem  gtiarantees  the  nor¬ 
mality  of  the  distribution.  The  moments  of 
die  distribution  associated  widi  the  pulse  ate 
itidctctminant  fiom  standaxd  statistical 
measurements.  However,  the  measured 
spectrum  is  the  Fourier  transform  of  an 
individual  pulse.  The  characteristic  shape 
of  die  individual  pulse  can  be  reconstructed 
from  the  inverse  Fourier  transform  of  the 
measured  spectrum.  The  full  complex 
spectrum  is  necessary,  however;  die  ampli¬ 
tude  or  power  ^ectrum  is  not  sufficient. 
The  full  complex  spectrum  it  easily  ob¬ 
tained  from  the  results  of  the  otdiogonal 
decomposition.  The  individual  pulse  shape 
thus  determined  is  called  a  characteristic 
event. 


A  brief  development  [20]  it  now  considered 
for  a  scalar  field  P(x,t);  x  tepresentt 
nonhomogeneous  direction  and  t  represents 
stationary  time. 

It  is  supposed  that  the  signal  can  be 
decomposed  as 

(5) 

P(x,t)  =  f (x,t)*g(x,t) 


The  *  testesent*  a  convolution  widi  teapect 
to  time,  t  is  the  chaiactetisdc  event,  and  g 
is  a  random  strength  function  similar  to  the 
random  arrival  time  concept.  This  repre¬ 
sentation  must  be  used  instead  of  the  origi¬ 
nal  shot-noise  because  the  function  is 
continuous  rather  than  a  sequence  of  dis¬ 
crete  functions. 

It  can  be  shown  that 

(6) 

S(x,x’;<.;)  =  F{f(x,t))F*{f(x’,t)} 

S(  u  )  is  the  measured  spectrum,  and  F 
stands  for  the  Fourier  transform  of  the 
quantity  inside  the  brackets.  For  x  =  z*  the 
deterministic  function  f  is  found  from 

(7)  F{f}  = 


were  conducted  under  the  st^ervision  of 
Professor  ].L.  Lumley  at  the  time  the 
technique  was  being  developed.  One  was 
an  attempt  to  elucidate  the  nature  of  a 
viscous  sublayer  [24].  Results  showed 
qualitative  agreement  with  the  structure 
deduced  from  flow  visualization.  The  other 
thesis  was  a  study  of  the  wake  structure 
behind  a  circular  cylinder  [29].  Results 
from  this  experiment  were  somewhat  sur¬ 
prising.  The  large  eddy  structure  was 
found  to  be  two  counter-rotating  vortex 
pairs  whose  axes  are  perpendicular  to  both 
the  mean  flow  direction  and  the  cylinder 
center  line.  Applications  in  which  turbu¬ 
lence-induced  noise  is  of  concern  include 
jet  noise  and  boundary  layer  noise  and 
vibration. 
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6  is  an  arbitrary  phase  angle.  Different 
choices  for  6  wfll  lead  to  different  repre¬ 
sentations  of  the  form  given  by  equation 
(9).  The  representation  sought  is  the  one 
that  is  consistent  widi  the  results  of  the 
orthogonal  decomposition.  The  quantity 
defined  in  equation  (6)  is  equivalent  to  the 
kernel  in  equation  (4)  and  hence  can  be 
expanded  into  the  sum  of  its  eigenfunctions. 
Only  the  dominant  eigenfunction  is  sought; 
the  remaining  functions  ate  neglected  and 
ate  interpreted  essentially  as  noise  in  a 
communication  sense  [20].  The  complex 
spectrum,  with  the  appropriate  choice  for 
6  ,  is  given  by 

=  X^(a)) 

This  choice  for  6  is  entirely  arbitrary. 
There  is  no  guarantee  that  it  is  correct,  but 
it  is  believed  to  be  a  rational  choice. 

The  spectrum  S(  u  )  could  be  called  the 
characteristic  spectrum  because  it  deter¬ 
mined  directly  the  characteristic  event  f. 
Used  in  conjunction  with  one  another, 
equations  (7)  and  (8)  produce  the  character¬ 
istic  event  in  time,  f(  t),  at  any  particular 
location  x.  A  mote  complete  description  of 
these  developments,  as  well  as  its  applica¬ 
tion  to  an  experimental  situation,  is  avail¬ 
able  [2  3]. 

The  decomposition  has  been  used  previously 
to  a  very  limited  extent.  Two  Ph.D.  theses 


The  most  important  practical  problem  in  the 
area  of  turbulence-induced  noise  is  jet 
noise.  The  problem  can  be  attacked  in  a 
number  of  ways.  In  the  original  theoretical 
development  [17]  the  nonhomogeneous  wave 
equation 

(9) 

ifp  _L  _ 

■  a  2  ax/  * 

0  1 


was  derived.  Tjj  is  the  Lighihill  stress 
tensor,  which  for  practical  purposes  is  given 
by  the  approximation 


T,  .  -  p  U’  U’ , 
Ij  i  j 


The  quantity  on  the  tight  tide  of  equation 
(10)  is  considered  the  source  term.  The 
approximate  solution  it  found  at  [17] 


(11) 


p 


Idy 


The  brackets  indicate  that  Tjj  it  evaluated 
at  the  retarded  time,  t  -  t/n^. 

One  possible  mode  of  attack  would  be  to 
measure  the  appropriate  turbulence  quanti- 
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ties  in  otdet  to  specify  Tjj  accutstely, 
insert  the  value  into  equati&n  (11),  and 
solve  the  equation  numerically  for  the 
density  perturbation.  However,  this  monu¬ 
mental  task  cannot  be  carried  out;  in  addi¬ 
tion,  the  nature  of  the  noise  sources  would 
not  be  elucidated.  The  problem  with  direct 
computations  of  this  type  is  that  the  most 
important  terms  are  not  tingled  out. 

A  better  procedure  would  be  to  insert 
certain  candidate  structures  into  to  test 
their  effectiveness  as  noise  radiators.  The 
candidate  structures  could  be  obtained  from 
the  results  of  the  orthogonal  decomposition. 
The  simplest  cate  would  be  a  test  of  the 
hypodiesis  that  the  large  structures  radiate 
noise  directly.  The  idea  has  been  proposed 
before,  but  the  candidate  structure  ~  vortex 
pairing  —  was  merely  suggested  [126];  it 
was  not  found  from  an  unbiased  experi¬ 
ment.  To  date  there  it  no  experimental 
evidence  that  vortex  pairing  occurs  in  an 
experiment  involving  high  Reynolds  number 
and  high  Mach  number. 

A  candidate  for  T^  would  be  much  more 
difficult  to  formulate  if  large-structure 
small-structure  interaction  is  the  dominant 
noise  source.  The  large  structure  could 
result  from  the  orthogonal  decomposition, 
but  incorporating  the  random  small  scales 
may  be  difficult.  Interactions  of  this  type 
have  been  studied  theoretically,  but  both 
large  scales  and  small  scales  were  hypothe¬ 
sized  [27].  If  large  scales  resulting  from 
the  decomposition  ate  used,  various  scenar¬ 
ios  could  be  tested  in  an  attempt  to  deter¬ 
mine  how  the  interaction  takes  place.  This 
idea  has  been  put  forth  previously  [8]. 

An  alternative  to  using  the  result  of  the 
decomposition  as  data  for  equation  (11) 
would  be  to  compare  the  result  directly  to 
an  orthogonal  decomposition  of  the  noise 
field.  This  comparison  shows  the  most 
promise  for  discovering  the  nature  of  the 
noise  sources,  k  has  been  attempted  in  a 
cooperative  effort  involving  the  St.  Anthony 
Falls  Hydraulic  Laboratory  and  two  other 
institutions.  Each  institution  was  to  carry 
out  a  difference  phase  of  the  experiment. 
Problems  arose  because  three  facilities  and 
three  different  size  nozzles  (different  Mach 
numbers  but  the  same  Reynolds  number 
were  used;  a  more  complete  description  is 
available  [28].  The  conclusion  reached  is 


diat  the  experiment  must  be  conducted  in 
one  facility  at  a  constant  Mach  number. 
Turbulence  studies  conducted  at  low  Mach 
number  —  where  hot  wires  are  easy  to  use 
—  cannot  be  used  to  infer  the  nature  of 
noise  sources  at  higher  Mach  number. 


BOUNDARY  LAYER  NOBE 
AMD  VIBRATION 

Ihe  physics  of  boundary  layer  noise  are 
sufficiendy  different  from  jet  noise  that  the 
preceding  ideas  are  not  direedy  applicable, 
k  is  believed  that  the  coherent  structure 
plays  a  dominant  role  in  jet  noise.  They 
play  a  more  passive  role  in  boundary  lay¬ 
ers.  Noise  and  vibration  resuking  from  a 
boundary  layer  occur  at  low  wave  numbers. 
(Low  wave  numbers  are  defined  as  those 
widi  wavelengths  much  longer  than  the 
boundary  layer  thickness.)  Turbulence 
induces  low  wave  number  pressure  fluctua¬ 
tions  along  the  boundary  that  ate  efficient 
in  radiating  noise.  Such  pressure  fluctua¬ 
tions  are  of  prime  interest  in  underwater 
sound  and  strurtutal  vibration.  The  problem 
is  that  the  amplitude  is  so  low  diat  mea¬ 
surements  accurate  enough  to  be  compared 
with  various  theories  have  yet  to  be  con¬ 
ducted.  All  efforts  have  thus  fat  failed. 
An  orthogonal  decomposition  using  some  new 
techniques  in  spectral  estimation  designed 
Q>ecifically  for  this  situation  is  oudined 
below. 

The  pressure  fluctuations  at  any  point  along 
the  boundary  are  considered  stationary  and 
homogeneous.  Strictly  peaking  the  bound¬ 
ary  layer  grows  in  the  downstream  direc¬ 
tion,  but  growth  it  slow  enough  to  be 
approzimatdy  homogeneous.  The  cross 
stream  direction  it  strictly  homogeneous, 
but  at  present  this  direction  it  neglected. 
Only  streamwise  fluctuations  ate  of  con¬ 
cern.  The  pressure  signal  ia  written  as 

(12)  P  -  P(x,t) 

where  z  it  the  streamwise  coordinate  and  t 
ia  time. 

The  appropriate  decomposition  for  each 
variable  it  the  harmonic  decomposition  by 
Fourier  transform  methods.  This  it  easily 
carried  out  on  a  digital  computet  by  a  fast 
Fourier  transform  (FFT)  algotidun.  k  it 


'■l-'v'v'-.' 


"m.  •  •  •  •  •  I 

V  V 


!•  *  » 


X  ’«•  *•**.“  4*  '  -*  *  *  •*  *  .*  *• 


V 


accutatc  only  if  tufficient  data  ate  avail¬ 
able.  In  the  time  domain  sufficient  data 
are  easily  obtained  by  choosing  an  appro¬ 
priate  sampling  rate  and  sampling  period. 
Generally  256  points  or  1024  points  ate 
used. 

A  practical  limitation  on  the  number  of 
transducer  locations  in  the  spatial  domain 
arises  for  two  reasons:  only  a  finite 

number  of  transducers  can  be  fitted  into  the 
measurement  area,  and  considerable  effort 
is  required  to  obtain  256  separate  correla¬ 
tion  measurements.  'Hius,  even  though 
Fourier  analysis  is  correct,  the  FFT  algo¬ 
rithm  cannot  be  used  to  decompose  the 
spatial  structure  because  of  finite  data 
length.  Alternative  spectral  estimators 
geared  to  the  limited  number  of  transducers 
must  be  sought. 


source  beating  in  radar  and  sonar  applica- 
dons.  It  appears  to  produce  better  agree¬ 
ment  widi  model  spectra  [3  2]  than 
beamforming  but  has  not  yet  been  applied 
to  actual  data.** 

The  wall  pressure  signal  is  written  at  in 
equauon  (12);  the  desired  output  is  harmonic 
decomposition  of  each  of  the  independent 
variables  x  and  t.  Thus,  the  desired  output 
is  in  the  form  of  a  frequency  wave  number 
spectrum  ,k)  in  which  the  amplitude  or 
energy  content  it  given  as  a  function  of 
frequency  u  and  wave  number  k. 


The  general  procedure  it  to  perform  a 
frequency  decomposidon  for  every  possible 
pair  of  transducers.  A  cross-spectral  den¬ 
sity  matrix  of  the  form 


The  most  common  spectral  estimator  for 
this  application  is  called  beamforming  [29]. 
A  finite  transducer  array  is  used  to  define 
the  beam  power  for  frequency  u 

(13) 
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S(  u  )  is  the  cross-spectral  density  matrix, 
is  the  steering  vector,  and  N  it  the 
number  of  transducers.  The  steering  vector 
takes  the  form 


(14) 


=  exp{j(kdj^  =  ♦)} 


where  d^  it  the  distance  between  the  trans¬ 
ducers  and  {(i  is  an  arbitrary  phase.  The 
most  common  form  used  in  boundary  layer 
pressure  measurements  it  an  alternadng 
phase  array  [30].  Different  transducer 
separations  are  used  to  steer  the  array  to 
different  wave  numbers;  die  full  wave 
number  spectrum  cannot  be  found  from  a 
single  array. 

An  alternative  to  beamforming  now  being 
developed  belongs  to  a  clast  of  spectral 
esdmatott  known  as  the  maximum  likelihood 
mediod  (MLM)  [31].  The  technique  was 
originally  developed  for  geophytkd  prob¬ 
lems  but  hat  been  used  for  estimating 


can  be  written  for  each  frequency  compo¬ 
nents  .  This  matrix  is  the  tame  at  that 
given  in  equation  (4).  The  variables  x  and 
x*  denote  measurement  locations.  The 
elements  on  the  main  diagonal  of  this 
matrix  correspond  to  power  specua;  die 
off-diagonal  elements  correspond  to  cross 
power  spectra  for  various  transducer  sepa¬ 
rations.  This  set  of  matrices,  one  for  each 
frequency  component,  it  operated  on  by  the 
MLM  to  estimate  the  wave  number  fre¬ 
quency  spectrum. 


The  ou^ut  of  the  application  of  the  MLM 
to  each  matrix  is  in  the  form  of  a  wave 
number  spectrum  for  each  frequency.  The 
method  applied  to  Chase's  [32]  model 
spectrum  it  shown  in  Figure  2.  The  MLM 
spectrum  reproduces  the  (hate  model  much 
better  than  the  direct  Fourier  transform 
estimate  (beamforming)  over  the  endte 
wave  number  q^ectrum.  In  the  future  the 
method  will  be  fine  tuned  to  focus  on  the 
low  wave  number  region. 


**A  mote  complete  techiHcal  muniel  oo  die  MLM  ie  beiag  developed  by  die  aodioce  of 
refetence  31. 
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Fignce  2.  CotBpariMo  of  die  Direct  Fon- 
tict  Tcaaefoca  Spectral  Badaiatioa  (Beaa- 
foraing)  and  die  MLM  Spectral  Badaae 
Uaing  Chaae'a  Model  aa  die  Inpot 


SUMMARY 

The  techiiiquer  described  in  this  paper  are 
aimed  at  identifying  patterns  in  the  turbu¬ 
lence  responsible  for  noise  and  vibration. 
Previous  efforts  in  this  direction  suffered 
from  some  bias  associated  with  the  proce¬ 
dure.  The  intent  has  been  to  eliminate  this 
bias  as  much  as  possible  and  to  let  a  rigor¬ 
ous  analytical  black  box  educe  the  large 
structure  from  the  random  field.  The 
resulting  quantitative  measure  can  be 
compared  to  other  programs  using  the  tame 
analytical  black  box  to  study  turbulence 
changes  in  response  to  different  parame¬ 
ters. 

Widi  die  advent  of  high-speed  digital  data 
acquisition  and  computing  circuitry,  the 
problem  of  implementing  the  black  1k>x  hat 
been  eliminate.  It  it  hoped  that  these 
techniques  will  be  used  mote  often  in  the 
future  to  establish  a  larger  data  bate  from 
which  useful  comparisons  can  be  made. 
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Zalak  and  R.  Sankar 

"Constant  Supports  ~  How  Constant?"  E.C. 
Goodling  and  R.A.  DeLoskey 


"Snubber  Lockup  Velocity  by  Extension  of 
ifae  Response  Spectra  Method,"  R.J.  Gutdal, 
W.D.  Maxham,  and  M.K.  Punatar 

"Response  Sensitivity  of  Piping  Systems  to 
Large  Lock  Velocities  in  Hydraulic 

Snubbers,"  M.A.  Pickett  and  S.K.  Sinha 

"Testing  of  Welded,  Two-Directional  Pipe 
Straps,"  C.N.  Rentschler 

"Parametric  Studies  on  the  Load-Oef lection 
Characteristics  of  Hydraulic  Sw/bbets,"  M. 
Subudhi,  J.  Cutreri,  P.  Bezier,  and  M. 
Hartzman 

Most  of  the  papers  are  readable.  A  variety 
of  writing  styles  and  dcills  are  illustrated. 
The  audience  addressed  by  the  papers  does 
not  appear  to  have  cohesive  interests 
because  testing,  analysis,  mathematics,  and 
design  are  addressed.  The  book  will  be  of 
major  interest  to  piping  designers  and 
engineering  firm  libraries. 

K. E.  Hofer 

L. J.  Broutman  ft  Assoc.  Ltd. 

Consulting  and  Testing  Services 
3424  S.  State  St. 

Chicago,  IL  60616 


THE  DYNAMICS  OB  PRBOSE 
TAPE  DRIVES 


K.  Ragulskis,  P.  Vatanauskas,  V.  Lelinas, 
R.  Bendcus,  and  A.  Andriudcevicius 
Leidykla  Mokslas,  Vilnius,  USSR 
1984  Qn  Russian) 


The  material  in  this  book  is  based  on  work 
conducted  by  the  authors  in  the  time  period 
between  1970  and  1980  at  d>e  scientific 
research  division  —  lAbrotechnica  --  of 
Kaunas  Polytechnic  Iiutitute.  Dynamic 
analysis  models  of  tape  drives,  effective 
mediods  for  die  determination  of  naturrl 
frequencies,  and  primary  forms  of  vibration 
are  described.  Questions  on  the  dynamics 
of  basic  nodes  ate  examined.  The  dynamic 
precision  of  t^e  drives  when  subjected  to 
accidental  disturbances  is  estimated. 
Mediods  and  synthesis  algorithms  on  fre¬ 
quency  spectra  ate  presented,  at  ate 
methods  on  dynamic  diagnosis. 
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The  first  chapter  it  introductorf  and  in¬ 
cludes  basic  concepts  and  characteristics  of 
tape  drives.  Subtopics  are:  rheological 
model  of  a  tape  drive,  dynamic  model  of 
tape  drives,  linearized  dynamic  model  of 
tape  drives,  free  vibrations  of  conservative 
systems,  normal  coordinates,  and  free 
vibrations  with  damping. 

The  second  chapter  presents  theory  and  new 
mechanisms,  the  separate  links  of  which, 
while  performing  their  primary  work  func¬ 
tions,  also  have  the  function  of  vibropro- 
tection  for  other  links  and  parts  of  the 
system.  Sources  of  disturbance  for  me¬ 
chanical  vibrations  of  a  working  flexible 
link  include  various  moving  masses  of  the 
system  (pass-by,  inertial,  and  guide  tollers), 
as  well  as  external  sources  of  disturbance. 
The  last  factor  is  especially  manifest  in 
on-board  mechanical  systems  of  sh^s.  The 
influence  of  such  disturbances  can  be 
avoided  by  adapting  flexible  loop-like  links. 
Loops  formed  by  a  moving  t^e  damp  its 
mechanical  vibrations,  which  ate  then  not 
transferred  to  the  working  parts.  This 
chapter  examines  practical  working  models 
and  presents  an  algorithm  for  the  optimiza¬ 
tion  of  mechanisms  with  free  loops.  A 
dynamic  model  it  formulated  that  considers 
nodes  of  rotation  created  by  the  moving 
tape  and  the  damping  of  angular  oscilla¬ 
tions. 

The  third  chapter  contains  an  analysis  of 
engineering  methods  on  the  synthesis  of 
tape  drives  bated  on  frequency  spectra.  The 
audiors  use  matrix  algebra  to  develop  crite¬ 
ria  and  algorithms  for  the  synthesis  of 
various  tape  drives:  chainlike,  branched, 
bandlike,  having  group  symmetry  or  quasi¬ 
symmetry,  and  also  varying  in  time  pa¬ 
rameters.  Methods  and  synthesis  algoridimt 
presented  can  be  used  for  the  construction 
of  tape  drives  taking  into  account  any 
prohibited  zone  of  frequency  interval. 


The  fourd)  chapter  is  devoted  to  synthesis 
mediods  on  frequency  spectra  of  tape 
drives  for  bodi  conservative  and  dissipative 
systems.  The  fifth  chapter  contains  fairly 
detailed  mediods  for  the  dynamic  diagnosis 
of  tape  drives.  Signals  containing  diagnos¬ 
tic  information  are  examined.  Some  diag¬ 
nostic  parameters  are  selected;  die  precision 
of  dieir  determination  is  estimated.  Atten¬ 


tion  is  focused  on  the  subject  of  selecting 
diagnostic  information. 

The  sixth  chapter  deals  with  the  dynamic 
precision  of  recorders.  Together  with 
useful  signals  this  precision  registers  addi¬ 
tional  random  noise  that  represents  the  sum 
of  the  nonrandom  function  and  stationary 
random  process.  Included  are  formulas  for 
different  probabilistic  characteristics  of 
recording  lots,  sound  reproduction,  and 
recording  of  sound  reproduction.  A  method 
is  developed  for  the  separation  of  concealed 
periodica  and  statistical  analysis  of  random 
noise. 

The  book  offers  a  sound  introduction  to  the 
dynamics  of  tape  drives.  Each  of  the 
subject  areas  considered  by  the  authors  it 
presented  in  a  cleat  and  concise  manner. 
The  book  raises  important  questions,  defines 
its  own  assumptions  and  attempts  to  offer 
solutions.  Readers  who  are  interested  in 
tape  drive  dynamics  and  who  read  Russian 
will  find  this  volume  a  welcome  addition  to 
dieir  library. 

A.  Longinow 

Witt,  Janney,  Elttner  Assoc.,  Inc. 

330  Pfingtten  Rd. 

Northbrook,  IL  60062 


MECHANICS  AND  DESIGN  OF  CAM 
MECHANISMS 

F.Y.  Chen 

Pergamon  Press,  bic.,  Elmsford,  NY 
1982,  523  pages 


The  value  of  a  reference  book  it  often 
difficult  to  assets  from  a  cursory  reading 
or  a  brief  period  of  intensive  study.  Its 
true  value  it  probably  best  measured  by  the 
position  it  maintains  on  the  engineer's 
bookshelf  and  by  how  often  it  is  used  in 
day-eo-day  work.  In  this  respect,  Professor 
Chen's  book  it  a  success.  To  ^otc  engi¬ 
neers  interested  in  cam  design,  this  book 
will  be  a  welcome  compilation  of  material 
previously  unavailable  in  a  tingle  source. 

Chapter  1  it  an  introduction  to  cam  mecha- 
nitms.  k  includes  a  comparison  widi  liok- 
ages,  at  well  as  cam  classification. 


nomenclature,  and  design  considerations. 
According  to  the  author,  the  remaining  16 
chapters  are  divided  into  the  following  four 
subject  areas: 

I.  Kinematics.  Chapters  2  through  S  cover 
basic  cam  motion  curves,  polynomial 
curves,  combined  motion  curves,  and 
numerical  techniques  for  creating  and 
modifying  cam  motion  curves.  Also  under 
this  heading  is  Chapter  9,  which  covers 
graphical  and  analytical  methods  for  deter¬ 
mining  cam  profile  coordinates  and  cutter 
coordinates. 

IL  Static  Force  Analysis.  Under  this 
heading  ate  Chapter  10  on  force  transmis¬ 
sion  and  Chapter  13  on  static  force  and 
torque  calculations. 

IlL  Dynamics.  This  heading  includes 
Chapter  14  on  modeling.  Chapter  13  on 
formulation  and  solution  of  the  differential 
equations  of  motion,  and  Chapter  16  on 
dynamic  response  of  typical  cam  and  fol¬ 
lower  systems. 

IV.  Design.  This  is  somewhat  of  a  catch¬ 
all  heading,  ft  includes  Chapter  11,  cam 
radius  of  curvature;  Chapter  12,  contact 
attest  and  wear;  and  Chapter  17,  com¬ 
puter-aided  design  and  optimization  of  cam 
mechanisms. 

In  addition,  there  are  two  appendices.  The 
first  is  a  tabulation  of  factors  that  simplify 
die  calculation  of  displacement,  velocity, 
and  acceleration  for  several  common  cam 
curves.  The  second  appendix  provides  a 
listing  of  11  FORTRAN  computet  programs 
developed  from  material  in  the  text. 


Generally,  the  book  is  easy  to  read,  the 
figures  are  clear,  and  the  methods  pre¬ 
sented  ate  well-illustrated  by  way  of 
example  problems.  Unfortunately,  however, 
there  ate  no  end-of-the-chapter  homework 
problems  for  students.  Portions  of  the  text 
are  suitable  for  a  graduate-level  course  in 
cam  design,  but  the  teacher  of  such  a 
course  should  select  the  material  carefully 
and  be  prepared  to  supply  his  own  home¬ 
work  problems. 

This  review  would  be  incomplete  widiout 
relating  the  sad  and  difficult  circumstances 
under  which  the  book  was  published.  Pro¬ 
fessor  Fan  Y.  Chen  died  in  December, 
1981,  after  a  very  brief  illness.  He  was,  at 
that  time,  in  the  midst  of  a  final  proof¬ 
reading  of  the  text.  Hit  wife.  Chi-fang, 
and  their  two  daughters  completed  the 
proofreading  and  saw  the  book  through  to 
publication.  As  a  result,  errors  remain  in 
die  final  printing  that  perhaps  would  have 
been  corrected  had  Professor  Chen  lived. 
It  is  to  the  credit  of  the  publishers  that, 
when  these  errors  came  to  their  attention 
after  the  final  printing,  they  sought  the  aid 
of  technical  advisors  in  completing  an 
errata  that  hat  been  printed  and  bound  widi 
die  book. 

This  book  is  a  complete,  up-to-date  refer¬ 
ence  that  should  be  valuable  to  both  prac¬ 
ticing  design  engineers  and  to  teachers  of 
kinematics  and  mechanical  design. 

C.  Reinholtz 
Assistant  Professor 

Department  of  Mechanical  Engineering 
Virginia  Polytechnic  Institute 
and  State  University 
Blacksburg,  VA  24061 


SHORT  COURSES 


JANUARY 


SHAFT  CRACK  DETECTION 
Dates:  January  14-16,  1986 

Place:  Atlanta,  Geotgia 

Dates:  January  28-30,  1986 

Place:  Chicago,  Illinois 

Dates:  February  18-20,  1986 

Place:  Anaheim,  California 

Objective:  The  seminar  will  cover  a 

number  of  subjects,  including  vibration 
measurement  transducer  applications,  filters 
for  shaft  crack  detection,  data  presentation 
formats,  rotor  mode  shape  identification, 
shaft  crack  documentation,  on-line  crack 
detection  method,  and  transient  crack  detec¬ 
tion  method.  Case  histories  will  be  pre¬ 
sented  on  shaft  crack  detection  on  a 
vertical  pump,  radial  cracking  on  a  turbine 
generator  shaft,  spiral  cracking  on  a  turbine 
generator  shaft,  detection  of  a  shaft  crack 
on  a  boiler  feed  pump,  and  laboratory  test¬ 
ing  results  on  shaft  crack  detection. 
Workshops  on  mode  sh^e  identification, 
shaft  crack  detection,  and  effects  of  shaft 
cracks  on  balancing  will  also  be  featured. 

Contact;  Bently  Rotor  Dynamics 

Research  Corp.,  P.O.  Box  137,  Minden,  NV 
89423  -800-227-3314,  Ext.  9682. 


FEBRUARY 


VIBRATKMI  AND  SHOCK  SURVIYABIUTY, 

TESIING,  MEASUREMENT,  ANALYSE, 

AND  CALIBRATION 

Dates:  February  3-7,  1986 

Place:  Santa  Barbara,  California 

Dates:  March  10-14,  1986 

Place:  Washington,  DC 

Dates:  May  12-16,  1986 

Place:  Detroit,  Michigan 

Dates:  June  2-6,  1986 

Place;  Santa  Batbata,  California 


Dates:  August  18-22,  1986 

Place:  Santa  Batbata,  California 

Objective:  Topics  to  be  covered  ate 

resonance  and  fragility  phenomena,  and 
environmental  vibration  and  shock  measure¬ 
ment  and  analysis;  also  vibration  and  shock 
environmental  testing  to  prove  survivability. 
This  course  will  concentrate  upon  equip¬ 
ments  and  techniques,  rather  than  upon 
mathematics  and  theory. 

Contact;  Wayne  Tustin,  22  East  Los  Olivos 
Street,  Santa  Batbata,  CA  93103  -(803) 
682-7171. 


MACHINBRY  MONITORING 
Dates:  February  11-13,  1986 

Place:  Houston,  Texas 

Dates:  February  23-27,  1986 

Place:  Tampa,  Florida 

Dates;  April  22-24,  1986 

Place:  Philadelphia,  Pennsylvania 

Dates:  May  20-22,  1986 

Place:  Chicago,  Illinois 

Dates:  June  10-12,  1986 

Place:  Anaheim,  California 

Directive:  Hie  seminar  focuses  on  the 

principles  of  vibtatioa  measurement  for 
rotating  machinery  monitoeing.  Subjects 
coveted  in  the  seminar  include  troubleshoot- 
ing,  calibration  and  maintenance  of  moni¬ 
toring  systems,  and  the  applications  and 
installation  of  displacement,  velocity,  and 
acceleration  transducers. 

Coiaact:  Bently  Nevada's  Customer 

Information  Centex,  P.O.  Box  137,  Minden, 
NV  89437  -  800-227-3314,  Ext.  9682. 


MACHINERY  VIBRATION  ANALYSE  I 
Dates:  February  11-14,  1986 

Place:  Orlando,  Florida 

Dates:  August  19-22,  1986 

Place:  New  Orleans,  Louisiana 

Dates:  November  11-14,  1986 

Place:  Chicago,  Uinots 


Objective:  This  course  emphasizes  the 

role  of  vibrations  in  mechanical  equipment 
instrumentation  for  vibration  measurement, 
techniques  for  vibration  analysis  and  con¬ 
trol,  and  vibration  correction  and  criteria. 
Examples  and  case  histories  from  actual 
vibration  problems  in  the  petroleum,  proc¬ 
ess,  chemical,  power,  paper,  and  pharma¬ 
ceutical  industries  are  used  to  illustrate 
techniques.  Participants  have  the  opportu¬ 
nity  to  become  familiar  with  these  tech¬ 
niques  during  the  workshops.  Lecture 
topics  include:  spectrum,  time  domain, 
modal,  and  orbital  analysis;  determination 
of  natural  frequency,  resonance,  and  criti¬ 
cal  speed;  vibration  analysis  of  specific 
mechanical  components,  equipment,  and 
equipment  trains;  identification  of  machine 
forces  and  frequencies;  basic  rotor  dynam¬ 
ics  including  fluid-film  bearing  characteris¬ 
tics,  instabilities,  and  response  to  mass 
unbalance;  vibration  correction  including 
balancing;  vibration  control  including  isola¬ 
tion  and  damping  of  installed  equipment; 
selection  and  use  of  instrumentation;  equip¬ 
ment  evaluation  techniques;  shop  testing; 
and  plant  predictive  and  preventive  mainte¬ 
nance.  This  course  will  be  of  interest  to 
plant  engineers  and  technicians  who  must 
identify  and  correct  faults  in  machinery. 

Contact:  Dr.  Ronald  L.  Eshleman, 

Director,  The  Vibration  Institute,  101  West 
33th  Street,  Suite  206,  Clarendon  Hills,  IL 
60314  -  (312)  634-2234. 


DYNAMIC  BALANCING 
Dates:  February  19-20,  1966 

April  23-24,  19  86 
June  18-19,  1986 
Place:  Columbus,  Ohio 

Objective:  Balancing  experts  will 

contribute  a  series  of  lectures  on  field 
balancing  and  balancing  machines.  Subjects 
include:  field  balancing  methods;  single, 

two  and  multi-plane  balancing  techniques; 
balancing  tolerances  and  correction  meth¬ 
ods.  The  latest  in-place  balancing  tech¬ 
niques  will  be  demonstrated  and  used  in  the 
workshops.  Balancing  machines  equipped 
widi  microprocessor  instrumentation  will 
also  be  demonstrated  in  the  workshop  ses¬ 
sions,  where  each  student  will  be  involved 
in  hands-on  problem-solving  using  actual 
armatures,  pump  impellers,  turbine  wheels. 


etc.,  with  emphasis  on  reducing  costs  and 
improving  quality  in  balancing  operations. 

Contact:  R.E,  Ellis,  IRD  Mechanaly- 

sis  Inc.,  6130  Huntley  Road,  Columbus,  OH 
43229  -  (614)  883-3376. 


MABCH 


MEASUREMENT  SYSTEMS  ENGINEERING 
Dates:  Match  10-14,  19  86 

Place:  Phoenix,  Arizona 

MEASUREMENT  SYSTEMS  DYNAMICS 
Dates:  Match  17-21,  1986 

Place:  Phoenix,  Arizona 

Objective:  Electrical  measurements  of 

mechanical  and  thermal  quantities  are  pre¬ 
sented  through  the  new  and  unique  "Unified 
Approach  to  the  Engineering  of  Measure¬ 
ment  Systems."  Test  requestors,  designers, 
dieoretical  analysts,  managers  and  experi¬ 
mental  groups  ate  the  audience  for  which 
these  programs  have  been  designed.  Cost- 
effective,  valid  data  in  the  field  and  in  the 
laboratory,  ate  emphasized.  Not  only  how 
to  do  that  job,  but  how  to  tell  when  it's 
been  done  right. 

Contact:  Peter  K.  Stein,  Director, 

3602  East  Monte  Rota,  Phoenix,  AZ  83018 
-  (602)  943-4603;  (602)  947-6333. 


NACmMESY  DIAGNOCTICS 
Dates:  March  11-14,  1986 

Place:  San  Francisco,  California 

Dates;  Match  17-21,  1986 

Place:  Carton  Ciqr,  Nevada 

Dates:  April  8-11,  1986 

Place:  Atlanta,  Georgia 

Dates:  May  3-9,  1986 

Place:  Carson  Ciqr,  Nevada 

Dates:  June  16-20,  1986 

Place:  Carson  Ciqr,  Nevada 

Dates:  June  24-27,  1986 

Place:  Denver,  Colorado 

Objective:  This  seminar  instructs  rottt- 

iag  machinery  users  on  transducer  fundtr 
mentals,  the  use  of  basic  diagnostic 
techniques,  and  interpreting  industry-ac¬ 
cepted  vibration  data  formats  to  diagnose 
common  rotating  machinery  malfunctions. 


The  seminal  includes  class  demonstrations,  vibration  engineering;  component  vibration 

case  histories,  and  a  hands-on  workshop  stresses  and  fatigue;  instrumentation  and 

that  allows  participants  to  diagnose  mal-  measurement  engineering;  test  data  acquisi- 

functions  on  demonstrator  rotor  systems.  tion  and  diagnosis;  applied  spectrum  analy¬ 

sis  techniques;  spectral  analysis  techniques 
Contact:  Bendy  Nevada's  Customer  for  preventive  maintenance;  signal  analysis 

Information  Center,  P.O.  Box  157,  Minden,  for  machinery  diagnostics;  random  vibra- 
NV  89437  -  800-227-5514,  Ext.  9682.  tions  and  processes;  spectral  density  func¬ 

tions;  modal  analysis  using  graphic  CRT 
display;  damping  and  stiffness  techniques 
for  vibration  control;  sensor  techniques  for 
APRIL  machinery  diagnosdcs;  transient  response 

concepts  and  test  procedures;  field  applica¬ 
tion  of  modal  analysis  for  large  systems; 
several  sessions  on  case  histories  in  vibra- 
ROTAUNG  MACHINERY  VIBRATIONS  tion  engineering;  applied  vibration  engineer- 

Dates:  April  14-16,  1986  ing  state-of-the-art. 

Place:  Orlando,  Florida 

Objective:  This  course  provides  pardci-  Contact:  Dr.  Ronald  L.  Eshleman, 

pants  widi  an  understanding  of  the  princi-  Director,  The  Vibradon  Insdtute,  101  West 

pies  and  practices  of  rotadng  machinery  55th  Street,  Suite  206,  Clarendon  Hills,  IL 

vibrations  and  the  application  of  diese  60514  -  (312)  6  54-2254. 

principles  to  practical  problems.  Some  of 
the  topics  to  be  discussed  are:  theory  of 

applied  vibradon  engineering  applied  to  MACHINERY  VIBRATION  ANALYSE  n 
rotating  machinery;  vibrational  stresses  and  Dates:  April  28  -  May  2,  1986 

component  fatigue;  engineering  instrumenta-  Place:  Syria,  Virginia 

tion  measurements;  test  data  acquisidon  and  Objecdve:  The  objecdve  of  this  course 

diagnosis;  fundamentals  of  rotor  dynamics  is  to  expose  patdcipants  to  advanced  tech- 

theory;  bearing  static  and  dynamic  proper-  niques  of  vibradon  analysis  using  single- 

ties;  system  analysis;  blading  analysis;  life  and  dual-channel  FFT  analyzers.  Tliese 

esdmadon;  pracdcal  rotor  blading-bearing  techniques  include  analysis  of  spectrum, 

dynamics  examples  and  case  histories;  rotor  dme,  frequency,  and  orbital  domain;  modal 

balancing  theory;  balancing  of  rotors  in  analysis;  coherence,  frequency  response 

bearings;  rotor  signature  analysis  and  diag-  funcdons,  and  synchronous  dme  averaging; 

nosis;  and  rotor-bearing  failure  prevention.  and  amplitude,  phase,  and  frequency  modu- 

ladon.  Data  processing  procedures  are 
Contact:  Dr.  Ronald  L.  Eshleman,  Director,  reviewed.  All  techniques  ate  illustrated 

The  Vibration  Insdtute,  101  West  55th  with  examples  and  case  histories  of  indus- 

Street,  Suite  206,  Clarendon  Hills,  II  60514  ttial  machinery.  Instrumentadon  necessary  to 

-  (312)  654-2254.  implement  the  techniquet  is  available  for 

use  by  patdcipants  during  informal  work¬ 
shops;  taped  data  from  actual  industrial 
machinery  are  used  during  these  workshops. 

APPLIED  VIBRATION  ENGINEERING 

Dates:  April  14-16,  1986  Contact:  Dr.  Ronald  L.  Eshleman, 

Place:  Orlando,  Florida  Director,  The  Vibradon  Insdtute,  101  West 

Objecdve:  This  intensive  course  is  55th  Street,  Suite  206,  Clarendon  Hills,  IL 

designed  for  specialisa,  engineers  and  60514  -  (312)  654-2254. 

scientists  involved  with  design  against  vibra¬ 
tion  or  salving  of  exisdng  vibration  prob¬ 
lems.  This  course  provides  patdcipants  JULY 

with  an  understanding  of  the  principles  of 
vibration  and  die  applicadon  of  diese  prin¬ 
ciples  to  practical  problems  of  vibradon  ROTOR  DYNAMICS 

teduedon  or  isolation.  Some  of  the  topics  Dates:  July  14-18,  1986 

to  be  discussed  ste:  fundamentsls  of  Place:  Rindge,  New  Hampshire 


Objective:  The  role  of  rotor/beaiing 

technology  in  the  design,  development  and 
diagnostics  of  industrial  machinery  will  be 
elaborated.  The  fundamentals  of  rotor 
dynamics;  fluid-film  bearings;  and  measure¬ 
ment,  analytical,  and  computational  tech¬ 
niques  will  be  presented.  Hie  computation 
and  measurement  of  critical  speeds  vibra¬ 
tion  response,  and  stability  of  rotor/bearing 
systems  will  be  discussed  in  detail.  Finite 
elements  and  transfer  matrix  modeling  will 
be  related  to  computation  on  mainframe 
computers,  minicomputers,  and  microproces¬ 
sors.  Modeling  and  computation  of  tran¬ 
sient  rotor  behavior  and  nonlinear  fluid-film 
bearing  behavior  will  be  described.  Ses¬ 
sions  will  be  devoted  to  flexible  rotor  bal¬ 
ancing  including  turbogenerator  rotors,  bow 
behavior,  squeeze-film  dampers  for  turbo¬ 
machinery,  advanced  concepts  in  trouble¬ 
shooting  and  instrumentation,  and  case 
histories  involving  the  power  and  petro¬ 
chemical  industries. 

Contact:  Dr.  Ronald  L.  Eshleman, 

Director,  The  Vibration  Institute,  101  West 
SSth  Street,  Suite  206,  Clarendon  Hills,  IL 
60514  -  (312)  654-2254. 


AUGUST 


VIBBATIONS  OF  RECIPROCATING  MA¬ 
CHINERY 

Dates:  August  19-22,  1986 

Place:  New  Orleans,  Louisiana 

Objective:  This  course  on  vibrations  of 

reciprocating  machinery  includes  piping  and 
foundations.  Equipment  that  will  be  ad¬ 
dressed  includes  reciprocating  compressors 
and  pumps  as  well  as  engines  of  all  types. 
Engineering  problems  will  be  discussed  from 
the  point  of  view  of  computation  and  mea¬ 
surement.  Basic  pulsation  theory  —including 
pulsations  in  reciprocating  compressors  and 


piping  systems  —  will  be  described.  Acous¬ 
tic  resonance  phenomena  and  digital  acous¬ 
tic  simulation  in  piping  will  be  reviewed. 
Calculations  of  piping  vibration  and  stress 
will  be  illustrated  with  examples  and  cate 
histories.  Torsional  vibrations  of  systems 
containing  engines  and  pumps,  compressors, 
and  generators,  including  gearboxes  and 
fluid  drives,  will  be  covered.  Factors  that 
should  be  considered  during  the  design  and 
analysis  of  foundations  for  engines  and 
compressors  will  be  discussed.  Practical 
aspects  of  the  vibrations  of  reciprocating 
machinery  will  be  emphasized.  Case  histo¬ 
ries  and  examples  will  be  presented  to  il¬ 
lustrate  techniques. 

Contact:  Dr.  Ronald  L.  Eshleman, 

Director,  The  Vibration  Institute,  101  West 
55th  Street,  Suite  206,  Clarendon  Hills,  IL 
60514  -  (312)  654-2254. 


SEPTEMBER 


MODAL  TESTING  OF  MACHINES  AND 
STRUCTURES 

Dates:  September  8-11,  1986 

Place;  Chicago,  Illinois 

Objective:  Vibration  testing  and  analy¬ 

sis  associated  with  machines  and  structures 
will  be  discussed  in  detail.  Practical 
examples  will  be  given  to  illustrate  impor¬ 
tant  concepts.  Theory  and  test  philosophy 
of  modal  techniques,  methods  for  mobility 
measurements,  methods  for  analyzing  mobil¬ 
ity  data,  mathematical  modeling  from  mo¬ 
bility  data,  and  applications  of  modal  test 
results  will  be  presented. 

Contact:  Dr.  Ronald  L.  Eshleman, 

Director,  The  Vibration  Institute,  101  West 
55di  Street,  Suite  206,  Clarendon  Hills,  IL 
60514  -  (312)  654-2254. 
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MECHANICAL  SYSTEMS 


ROTATING  MACHINES 


S)-2407 

\^iatiaa  of  a  Motoi  on  Viaceelutic  Foon- 
datun  Doc  to  Whuling  of  die  Shaft  with 
Conaidetatiaa  of  Electromagnetic  Forces 
K.  Nagaya,  S.  Qceda 
Gunma  Univ.,  Kiryu,  Gunma  376,  Japan 
J.  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASME,  laz  (3),  pp  310-318  (July  19  85,  12 
figs,  5  refs 

KEY  WORDS;  Shafts,  Viscoelastic  founda¬ 
tions,  Whirling,  Electromagnetic  excitation 

This  paper  discusses  bending  vibration 
characteristics  of  a  rotating  shaft  of  a 
motor  widi  consideration  of  the  electromag¬ 
netic  sucking  force  which  acts  on  a  rotor 
caused  by  the  narrow  electromagnetic  field 
between  a  stator  and  the  rotor.  The 
dynamic  response  of  the  motor  under  the 
action  of  the  whirling  load  of  the  shaft  has 
been  analyzed  systematically  by  considering 
bod)  die  translational  and  rotary  motions  of 
the  motor.  In  the  analysis  the  transfer 
matrix  method  is  used  to  obtain  the  re¬ 
sponse  of  the  shaft.  Numerical  calculations 
have  been  carried  out  for  the  natural 
frequencies,  the  response  of  the  motor 
shaft,  and  the  response  and  the  transmissi- 
bility  of  die  motor. 


•5-240S 

On  die  Fxec  and  Forced  Totaional  >^tatMn 
of  Mold-Osak  Shaft  Systems 
L.A.  Bergman,  J.W.  Nicholson 
University  of  Illinois,  Urbana-CTiampaign,  IL 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  FL,  spons.  AIAA/ASME/- 
ASCE/AHS,  Part  2,  pp  515-521,  3  figs,  2 
tables,  11  refs 

KEY  WORDS:  Shafts,  Torsional  vibration. 
Damped  structures 


A  method  to  analyze  the  free  and  forced 
torsional  vibration  of  viscously  damped 
circular  cylindrical  shafting  carrying  a 
multiplicity  of  viscously  damped  linear 
oscillators  and/or  rigidly  attached  disks.  The 
resulting  solution  f$  exact  when  the  system 
is  proportionally  damped,  and  approximate 
odierwise  due  to  truncation. 


•S-2409 

The  Effect  of  Aerodynamic  and  Siznetneal 
Detnning  on  Thcbomachinc  S^etsonic 
Unetalled  Totaiotial  Flnttet 

D.  Hoyniak,  S.  Fleeter 
NASA  Lewis  Res.  Ctr.,  Cleveland,  OH 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  FL,  spons.  AlAA/ASME/- 
ASCE/AHS,  Part  2,  pp  500-514,  20  figs,  1 
table,  11  refs 

KEY  WORDS:  Rotors,  Flutter,  Torsional 
vibration.  Fluid-induced  excitation.  Turbo- 
machinery 

A  mathematical  model  is  developed  to 
predict  the  unstalled  torsion  flutter  of  an 
aerodynamic  ally  and  structurally  detuned 
rotor  operating  in  a  supersonic  iiilet  flow 
field  widi  a  subsonic  leading  edge  locus. 
Stet  detuning  is  considered.  The  aerody¬ 
namic  detuning  is  accomplished  by  alternat¬ 
ing  the  circumferential  spacing  of  adjacent 
rotor  blades.  To  demonstiate  the  effects  of 
aerodynamic  and  structural  detuning  on 
supersonic  unstalled  torsional  flutter,  a 
twelve  bladed  rotw  based  on  Vetdon's 
Cascade  B  flow  geometry  is  considered. 


S9-2410 

Instability  of  Rotota  Mounted  in  Fluid  Film 
Bcaiinga  widi  a  NcgadTC  Cioaa-Conplcd 
Sdffneas  Coefficient 
J.S.  Rao 

Indian  Inst,  of  Technology,  New  Delhi- 
110016,  India 

Mech.  Mach.  Theory,  21L  (3),  PP  181-187 
(1985),  5  figs,  2  tables,  14  refs 

KEY  WORDS;  Rotors,  Fluid-film  beatings. 
Stiffness  coefficients.  Unbalanced  mass 
response 


This  paper  is  concerned  widi  die  instability 
of  a  rotor  mounted  in  fluid  film  bearings 
that  can  occur  when  one  of  the  cross- 
coupled  stiffness  coefficients  of  the  bearing 
is  negative.  It  has  been  shown  that  his 
instability  occurs  in  a  narrow  zone  of  speed 
at  2  Xrev  frequency.  In  practice,  this  can 
be  an  important  consideration  for  rotors 
with  asymmetry  such  as  generator  rotors. 


SS-2411 

Measazcmcncs  of  Wake-Gcnetatcd  Unstead¬ 
iness  in  the  Rotei  Passages  of  Axial  Flow 
Tozbines 

H.P.  Hodson 

Cambridge  Univ.,  Cambridge,  UK 
J.  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  liZ  (2),  PP  467-476  (Apr  19  85),  17 
figs,  3  tables,  26  refs 

KEY  WORDS:  Rotors,  Stalling,  Rotor-stator 
interaction.  Fluid-induced  excitation 

This  paper  describes  an  investigation  into 
the  ftee-stream  unsteadiness  which  is  found 
in  the  rotor  passages  of  axial  flow  turbines 
and  which  is  caused  by  the  interaction  of 
the  stator  wakes  with  the  rotor  blades.  The 
major  part  of  this  investigation  was  con¬ 
ducted  at  the  midspsn  of  the  rotor  of  a 
large-scale,  single-stage  ait  turbine. 


•9-2412 

A  Thcofctical  Model  fot  Rotating  Stall  in 
die  Vanclcaa  Diffnaez  of  a  Ccitttifugal 
Comptcsaoc 

P.  Ftigne,  R.  Van  den  Braembussche 
CERAC,  CH-1024,  Ecublens,  Switzerland 
J.  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  IfflZ  (2),  PP  507-513  (Apr  1985),  10 
figs,  20  refs 

KEY  WORDS:  Centrifugal  compressors. 
Stalling 

A  theoretical  model  fot  rotating  stall  in  the 
vaneless  diffuser  of  a  centrifugal  compres¬ 
sor  is  presented.  It  consists  of  a  time- 
evolutive  calculation  of  the  strong  interac¬ 
tion  between  the  inviscid  flow  cote  and  the 
unsteady  boundary  layers  along  the  walls. 


It  is  shown  that,  depending  on  the  diffuser 
geometry  and  the  diffuser  itdet  flow  angle, 
a  transient  perturbation  of  the  outlet  static 
pressure  will  generate  a  rotating  flow  pat¬ 
tern. 


•9-2413 

Rotating  Stall  indneed  in  Vanclcaa  Diffoseta 
of  Vety  Lew  Specific  Speed  Centtifogal 
Blowers 

Y.  Kinoshita,  Y.  Senoo 
Kyushu  Univ.,  Fukuoka  816,  Japan 
J.  Engrg.  Gat  Turbines  Power,  Trans. 
ASME,  laz  (2),  PP  514-521  (Apr  1985),  10 
figs,  13  refs 

KEY  WORDS:  Blowers,  Stalling 

The  limit  of  rotating  stall  was  experimen¬ 
tally  determined  for  three  very  small  spe¬ 
cific  centrifugal  blowers.  The  impellers 
were  specially  designed  for  stall-free  at 
very  small  flow  rates,  to  that  the  cause  of 
rotating  stall  could  be  attributed  to  the 
vaneless  diffusers.  Experimental  retukt 
demonstrated  that  the  blowers  did  not  stall 
until  the  flow  coefficient  was  reduced  to 
vety  small  values,  which  had  never  been 
repotted  in  the  literature. 


•9-2414 

Radial  and  Tangential  Flow  Fans  —  An 
Alternative  to  Axial  Flow  Fans  Fee  Low 
Noiac  Automotive  Cooling  Systems 

R.V.  Hofe,  G.E.  Thien 
AVL  List  Ges.m.b.H.,  Graz,  Austria 
Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  19  85. 
Spons.  Society  of  Automotive  Engts.,  Wat- 
rendale,  PA,  pp  221-230,  11  figs,  14  refs 

KEY  WORDS:  Fans,  Cooling  systems.  Motor 
vehicles.  Noise  reduction 

Investigations  have  been  carried  out  into  the 
suitability  of  radial  flow  fans  as  a  replace¬ 
ment  fot  axial  flow  fans.  Project  objec¬ 
tives  were  to  reduce  cooling  system  noise 
widiout  increasing  bulk  volume  or  impairing 
efficiency.  These  considerations  apply 


patticuUtly  to  vehicles  with  engines  of  high 
ouq^ut. 


RECIPROCATING  MACHINES 


I 


% 


•3-2413 

Actodynaaicallf  Ezdtcd  Vibtatsoiu  of  a 
Pait-Span  Shtoodcd  Fan 
A.V.  Srinivasan,  D.G.  Cutta 
United  Technologies  Res.  Ctt.,  East  Hart¬ 
ford,  CT  06108 

J.  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  Ifll  (2),  pp  399-407  (Apr  1985),  17 
figs,  7  refs 

KEY  WORDS:  Fans,  Shrouds,  Aerodynamic 
loads.  Tuning,  Vibration  measurement 

The  structural  response  of  a  part-span 
shrouded  fan  due  to  an  aerodynamic  excita¬ 
tion  was  measured  using  strain  gages.  The 
excitation  was  provided  by  means  of  a 
4-lobed  distortion  screen  mounted  upstream 
of  die  rotor.  Vibration  measurements  made 
widi  tuned  and  mistuned  conditions  at  inte¬ 
gral  order  speeds  have  been  analyzed  to 
determine  the  aeromechanical  response 
characteristics  of  the  assembly.  The  results 
from  the  experimental  investigation  ate 
presented  and  discussed. 


•3-2416 

tavcatigatioti  of  Flow  PhcaoaciM  ia  a 
TcasMsuc  Fan  Rocoz  Using  Lasct  Anc- 
■oaactxy 
A.J.  Strazisar 

NASA  Lewis  Res.  Ctt.,  Cleveland,  OH 
44135 

].  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  lllZ  (2),  pp  427-435  (Apr  1985),  10 
figs,  2  tables,  15  refs 

KEY  WORDS:  Fans,  Shock  response.  La¬ 
sers,  Fluid-induced  excitation 

Several  flow  phenomena,  including  flow 
field  periodicity,  rotor  shock  oscillation,  and 
rotor  shock  system  geometry  have  been 
investigated  in  a  transonic  low  aspect  ratio 
fan  rotor  using  laser  anemometty.  Flow 
periodicity  it  found  to  increase  widi  in¬ 
creasing  rotor  pressure  rise  and  to  correlate 
widi  blade  geometry  variations. 


•3-2417 

Combustiosi  Noise  from  High  Speed  Dizect 

bqectiosi  Diesel  Engines 

M.F.  Russell,  R.  Haworth 

Lucas  Industries  Noise  Centre,  Lucas  CAV 

Limited,  Acton,  London 

Surface  Vehicle  Noise  and  Vibration  Conf. 

Proc.,  Traverse  City,  MI,  May  15-17,  1985. 

Spons.  Society  Automotive  Engts.,  Warren- 

dale,  PA,  pp  95-116,  27  figs,  1  table,  13 

refs 

KEY  WORDS:  Diesel  engines.  Engine  noise. 
Combustion  noise.  Noise  measurement 

A  simple  technique  has  been  developed  for 
measuring  the  noise  radiated  by  diesel 
engine  surfaces  in  response  to  combusdon 
excitadon.  Retuhs  using  this  technique 
correlate  well  widi  the  established  com¬ 
puter-based  analysis  technique. 


«h-241d 

CSuuractccutica  of  Ezddag  Poccea  and 
Snctual  Rcspoime  of  Idtbochaxgcd  Diesel 
Eogiaes 

T.  Priede,  J.M.  Baker,  E.C.  Grover,  R. 
Ghazy 

Southampton  Univ.,  Southampton,  UK 
Surface  Vehicle  Noise  and  Vibradon  0>nf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engts.,  War- 
tendale,  PA,  pp  85-93,  18  figs,  3  refs 

KEY  WORDS:  Diesel  engines.  Bearings, 
Time  domain  method.  Frequency  domain 
mediod 

The  paper  quantifies  the  forces  applied  to 
the  main  bearings  of  three  tix-cylindet 
turbocharged  diesel  engines  and  reviews 
dieit  exciting  properties  in  bodi  time  and 
frequency  domains.  The  engine  structure 
response  at  the  bearing  supports  and  the 
outer  engine  surfaces  ate  correlated.  It  is 
shown  that  the  engine  structure  response  it 
a  transient  phenomenon  and  is  a  maximum 
in  the  vicinity  of  the  applied  force. 
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Seccat  Adranccs  in  Diocl  Engine  Rc- 

scuch 

P.E.  Waters 

P.E.  Waters  ft  Associates 
Stuface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engrs.,  War- 
tendale,  PA,  pp  345-358,  11  figs,  61  refs 

KEY  WORDS:  Diesel  engines.  Noise  reduc¬ 
tion 

This  paper  reviews  some  recent  research  in 
diesel  engineering  that  points  the  way  to 
possible  solutions  to  the  problems  facing 
engine  designers  in  the  next  10  to  20 
years.  These  problems  are:  die  need  for 
improved  thermal  efficiency  an  multifuel 
capability  to  deal  with  future  supplies  of 
fuel  for  transport  and  the  need  to  make  the 
engine  more  socially  acceptable  by  reducing 
its  noise  and  air  pollutant  emissions. 


M.C.  Tsangarides,  W.E.  Tobler,  C.R. 

Heermann 

Ford  Motor  Co. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engrs.,  War- 
rendale,  PA,  pp  143-158,  17  figs,  25  refs 

KEY  WORDS:  Driveline  vibrations,  Comput- 
erixed  simulation.  Torsional  response 

Computer  simulations  of  vehicle  dynamics 
can  be  a  useful  investigative  tool  in  drive- 
ability.  As  the  present  work  demonstrates, 
oscillations  of  the  drivetrain  under  steady- 
state  and  transient  conditions  ate  amenable 
to  madiematical  analysis,  especially  in  the 
torsional  mode.  Simulations  of  such  a 
system  with  a  lock-up  torque  converter  are 
shown  widi  emphasis  on  tip-in  response, 
transmissibility  of  engine  firing  pulsations 
and  self-excited  oscilladons..  In  particular, 
the  method  of  interactive  simulation  it 
shown  to  be  an  effective  design-aid  tool  in 
the  investigation  of  drivetrain  vibrations. 


•3-2420 

Baginc  Sttnctsuc  Analyais  for  Low  Mosae  — 
Hie  OpdosM 

M.D.  Croker 

Ricardo  Consulting  Engineers 
Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engrs.,  War- 
rendale,  PA,  pp  75-83,  20  figs,  22  reft 

KEY  WORDS:  Reciprocating  engines.  Engine 
noise.  Noise  reduction 

Within  the  limitations  of  the  combustion 
process  the  engine  structure  remains  the 
key  to  reducing  radiated  noise  levels.  This 
paper  reviews  the  various  techniques  avail¬ 
able  for  engine  structure  analysis  in  the 
context  of  the  ever  increasing  computation¬ 
al  power  available  to  the  design  engineer. 
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Reacatch  on  IdUag  Ratdc  of  Masnul  Tcaaa- 


S.  Ohnuma,  S.  Yahata,  M.  Inagawa,  T. 
Fujimoto 

Mittubidii  Motors  Corp.,  Tokyo,  Japan 
Surface  Vehicle  Noise  and  N^bration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engrs.,  War- 
rendale,  PA,  pp  159-167,  21  figs,  13  refs 

KEY  WORDS;  Power  transmission  systems, 
Gear  boxes.  Torsional  vibrations,  Diesel 
engines 

Generation  mechanism  and  characterisdes 
of  idling  tatde  are  systematised  analydcally 
by  experiments  on  vehicle  and  digits 
simuladon  of  nonlinear  torsional  vibradon 
system  for  an  iiiine  four-cylinder  four¬ 
cycle  diesel  engine. 


POWER  TRANSMISSION  SYSTEMS 


METAL  WORKING  AND  FORMING 
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fatccactiwc  Cempaict  Simalatioa  of  Dcivc- 
ttain  Dynaaica 
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Dyoaaic  CliacacteriMics  of 
Cooccctc  Bed 
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I.S.  Chimg,  M.  Ttutsumi,  Y.  Ito 
Jeonbug  National  Univ.,  Jeonju,  Korea 
Bull.  JSME,  ZS.  (239).  pp  987-993  (May 
1985),  17  figs,  4  refs 

KEY  WORDS:  Lathes,  Damping  materials. 
Concrete 

This  paper  describes  the  dynamic  character¬ 
istics  of  a  lathe  using  a  concrete  bed.  The 
concrete  has  attracted  special  interest  as  a 
structural  material  for  its  low  cost  of 
production  and  good  damping  properties. 
The  effects  of  the  concrete  bed  on  the 
vibration  and  noise  levels  of  the  structure 
and  die  dynamic  stiffness  of  a  work-spindle 
system  are  mainly  investigated. 


MATERIALS  HANDUNG  EQUIPMENT 
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Forces  in  die  Housing  Wire  of  a  Crane 
Buge  in  Waves 

Zu  Deyao 

Harbin  Shipbuilding  Engrg.  Inst.,  China 
Ocean  Engrg.,  li  (1),  pp  1-16  (1985),  4 
figs,  10  tables,  6  refs 

KEY  WORDS:  Cranes  (hoisu).  Barges 

In  this  report  a  description  is  given  of  a 
mediod  by  which  the  influence  can  be 
determined  of  the  dynamic  motions  of  a 
derrick  barge  and  of  the  object  to  be 
hoisted  on  the  forces  in  the  hoisting  wire. 
The  results  of  these  calculations  arc  used 
for  an  optimization  study  in  which  several 
parameters  of  the  hoisting  system  have  been 
varied. 


STRUCTURAL  SYSTEMS 


BRIDGES 


•5-2425 

Thr ec-Diu maianal  Rcapousc  of  a  Concrete 
Bridge  Sfium  to  Traveling  Seiaaic  Wavea 


B.  Dendrou,  S.  Werner,  T.  Toridis 
George  Washington  Univ.,  Wuhington,  DC 
Computers  Struc.,  211  (1-3),  pp  593-603 
(1985),  8  figs,  3  tables,  21  refs 

KEY  WORDS:  Bridges,  Reinforced  concrete, 
Seismic  response.  Substructuring  methods. 
Computet  programs 

To  enhance  the  evaluation  of  the  bridge 
response  to  seismic  excitations  there  it  a 
need  to  incorporate  more  parameters  in  an 
analytical  model.  This  paper  describes  a 
methodology  for  analysis  of  traveling  seis¬ 
mic  wave  effects  on  the  dynamic  response 
of  an  elastic  concrete  bridge.  A  substruc- 
turing  approach  is  used  to  efficiendy  model 
the  bridge/soil  dynamic  interaction. 
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Dynasaic  llicety  of  Ttains  Puamg  TIitMigh 
a  Railway  Bridge  -  A  Study  of  Effects  of 
die  Maues  and  Inetria  Fetcea  of  Moving 
Load 

Ye  Kaiyuan,  Ma  Guolin 

SSA,  21  (8),  pp  831-846  (1984),  CSTA  No. 

625.1-84.28 

KEY  WORDS:  Railroad  bridges.  Moving 
loads.  Bridge-vehicle  interaction 

This  paper  uses  analytic  method  to  investi¬ 
gate  the  dynamic  calculation  of  the  whole 
process  of  ttains  pasting  through  a  railway 
bridge  and  considert  effects  of  the  mass 
and  the  damping  effect  of  the  bridge  at 
well  as  the  masses  of  moving  loads. 


CONSTRUCTION  EQUIPMENT 
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In-Placc^ynaBic  Sound  Powet  Teat  Mcdi- 
od 

W.H.  Flint 
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Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engrs.,  Wat- 
tendale,  PA,  pp  277-282,  7  figs,  1  table,  3 
reft 


KEY  WORDS:  Construction  equipment, 
Sound  measurement,  Measurement  tech¬ 
niques 

ISO  and  SAE  static  sound  power  test  meth¬ 
ods  ate  currently  used  for  construction 
machinery.  The  European  Economic 
Community  sound  committee  has  been 
developing  a  drive-by  or  simulated  work 
cycle  test  method  using  a  hemispherical 
array  microphones.  The  EEC  method  is 
inconsistent  due  to  the  changing  test  surface 
(moist  sand)  and  the  variables  of  outdoor 
testing:  temperature,  wind,  and  precipita¬ 
tion.  The  in-place-dynamic  test  method 
described  provides  a  disciplined  way  to 
evaluate  machines  widi  moving  track  or 
wheels  and  operating  hydraulic  systems. 


OFF-SHORE  STRUCTURES 
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ApptoxiiBatiTc  Focmolac  for  Calculating  die 
Modoas  of  Seati-Submccssbles 
].A.  van  Santen 

Marine  Structure  Consultants,  3370  AC 
Hatdinzveld-Giessendam,  The  Netherlands 
Ocean  Engrg.,  JJ.  (3),  pp  235-252  <19g5),  10 
figs,  6  refs 

KEY  WORDS:  Submersed  structures.  Heav¬ 
ing,  Off-shore  structures 

This  paper  discusses  approximative  methods 
to  be  used  in  the  determination  of  the 
heave  motions  of  semi-submersibles.  These 
methods  can  be  useful  in  the  design  stage 
as  dtey  circumvent  the  use  of  large  com¬ 
puter  programs. 
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Vessels 
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Ocean  Engrg.,  12.  (2),  pp  177-184  (1985),  2 
figs,  12  refs 


KEY  WORDS:  Submersed  structures.  Heav¬ 
ing,  Offshore  structures 

This  paper  is  concerned  with  nonlinear 
resonant  heave  motion  of  a  semisubmersible 
vessel  at  the  survival  draft.  Due  to  the 
small  potential  damping  of  the  hulls  at  deep 
draft  the  resonant  motion  is  governed 
almost  entirely  by  nonlinear  drag  forces  on 
dte  hull  and  bracing  members. 


VEHICLE  SYSTEMS 


GROUND  VEHICLES 
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Vdiiclc  Sound  Meaantement  —  20  Yeats  of 
Tcsdiig 

T.  M.  Howell,  R.  F.  Schumacher 
Ford  Motor  Company 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  19  85. 
Spons.  Society  of  Automotive  Engrs.,  Wat- 
rendale,  PA,  pp  61-73,  5  figs,  2  tablet,  38 
refs 

KEY  WORDS:  Ground  vehicles.  Noise 
measurement.  Measurement  techniques 

Various  SAE  vehicle  noise  test  subcommit¬ 
tees  have  been  involved  in  numerous  pro¬ 
grams  to  improve  and  expand  the  applica¬ 
bility  of  procedures  for  increasing  exterior 
noise  levels  and  their  relationship  to  the 
ever  changing  product  lines.  Parallel  to 
this  work,  governmental  and  trade  associa¬ 
tions  have  alto  sought  changes  to  better 
reflect  the  true  measure  of  noise  impact  on 
the  community.  The  evolution  of  testing 
has  resulted  in  a  continuing  improvement  in 
the  quality  of  the  test  data. 
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K.S.  Bagga,  E.P.  Repick 
Ametican  Motors  Corporation,  Detroit,  MI 
Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  19  85. 
Spons.  Society  of  Automotive  Engrs.,  War- 
rendale,  PA,  pp  293-302,  2  figs,  2  tables,  4 
refs 

KEY  WORDS:  Ground  vehicles.  Motor 
vehicles.  Interior  noise.  Noise  measurement. 
Measurement  techniques 

Widi  increase  emphasis  on  comparing  inte¬ 
rior  noise  performance  levels  of  passenger 
cars,  multi-purpose  vehicles,  and  light 

trucks,  a  need  existed  for  the  establishment 
of  a  recommended  practice  for  making 

interior  sound  level  measurements.  Many 

variables,  such  as  environmental  conditions, 
instrumentation  and  vehicle  test  parameters 
exist  that  make  accurate  comparisons  of 
vehicle  interior  sound  levels  difficult  at 
best.  The  new  proposed  SAE  Recommended 
Practice  J1477-XXX8X,  Measurement  of 
Interior  Sound  Levels  of  Light  Vehicles, 
establishes  a  procedure  for  making  vehicle 
interior  sound  level  measurements.  Envi¬ 

ronmental  conditions,  instrumentation  set  up 
and  analysis,  and  vehicle  test  conditions  are 
described  in  detail. 
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Compooent  Mode  Synthesis  of  s  Vehicle 
Smcnsssl-Acooslic  System  Model 

S.H.  Sung,  D.J.  Nefdce 

General  Motors  Research  Laboratories, 
Warren,  MI 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  628-635,  8 
figs,  25  refs 

KEY  WORDS:  Component  mode  synthesis. 
Automobiles,  Interior  noise.  Noise  predic¬ 
tion,  Design  techniques 

Application  of  the  component  mode  synthe¬ 
sis  technique  to  develop  an  analytical  struc¬ 
tural-acoustic  system  model  of  an 
automotive  vehicle  is  described.  The  system 
model  combines  an  acoustic  finite  element 
model  of  the  automobile  paasenger  compart¬ 
ment  cavity  with  finite  element  and  modal 


models  of  the  vehicle  structural  system.  The 
model  can  be  solved  for  frequency,  ran¬ 
dom,  and  transient  response  to  predict  the 
low-frequency  interior  noise  which  occurs 
during  actual  operating  conditions  of  the 
vehicle.  The  theoretical  formulation  of  the 
model  is  described,  as  well  as  an  experi¬ 
mental  verification  for  random  input. 
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An  Application  of  Sttnctncal-Aconatic 
Analyaia  to  Car  Body  Sitnetnee 

H.  Yashiro,  K.-i.  Suzuki,  Y.  Kajio,  L 
Hagiwara 

Nissan  Motor  Co.,  Ltd. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engrs.,  War- 
rendale,  PA,  pp  3  37-344,  17  figs,  8  refs 

KEY  WORDS:  Automobiles,  Interior  noise. 
Building  block  approach 

In  order  to  calculate  efficiendy  the  charac¬ 
teristics  of  cat  body  vibration  and  the 
acoustic  characteristics  of  the  passenger- 
compartment,  a  structural-acoustic  analysis 
system,  CAD-B,  was  devdoped.  This  system 
divides  the  body  into  three  components  — 
front  body,  main  cabin  and  rear  body.  The 
characteristics  of  front  and  tear  body 
vibration  ate  expressed  in  modd  parame¬ 
ters. 
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rendde,  PA,  pp  1-6,  12  figs,  7  refs 

KEY  WORDS:  Motor  vehicles,  Interior 

noise.  Statistic  d  energy  methods 

The  noise  vibration  of  an  automotive  vehi- 
de  is  studied  using  statistied  energy  andy- 
sis  @EA).  Three  sources  of  interior  noise 
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—  the  engine,  tiles,  and  ait  flow  —  have 
been  measured  and  used  as  inputs  to  the 
SEA  model.  The  flow  of  acoustic  energy 
through  various  structural  components  is 
calculated  in  order  to  determine  the  domi¬ 
nant  paths  of  noise  transmission  to  the 
passenger  compartment.  The  predicted 
interior  noise  levels  are  compared  to  those 
measured  under  different  operating  condi¬ 
tions. 
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A  Study  of  Noaae  in  Vehicle  Paaaengec 
Coapastmcsn  diuiiig  Accelefatioa 
K.  Tsuge,  K.  Kanamaru,  T.  Kido,  N. 
Masuda 
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Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spona.  Society  of  Automotive  Engrs.,  War- 
rendale,  PA,  pp  27-34,  16  figs,  4  tables,  1 
ref 

KEY  WORDS:  Automobiles,  Interior  noise. 
Engine  noise 

A  discomforting  noise  (rumbling)  sometimes 
heard  in  a  vehicle  passenger  compartment 
during  acceleration  it  investigated.  A 
detailed  study  of  the  rumbling  noise  spec¬ 
trum  clarified  the  generating  mechanism  of 
the  rumbling  noise  and  the  relation  between 
the  spectral  structure  and  the  tone.  In 
order  to  analyze  the  tumbling  noise  it  was 
simulated  with  electrically  synthesized 
noise.  This  method  showed  that  at  times 
when  the  noise  is  heard  there  ate  more 
than  three  discrete  harmonics  which  are 
half  an  order  harmonics  of  the  engine 
revolution.  The  seiuation  of  discomfort 
depends  on  the  phase,  frequency  and 
magnitude  of  each  frequency  component. 


Spona.  Society  of  Automotive  Engrs.,  Wat- 
rendale,  PA,  pp  35-43,  17  figs,  1  table,  9 
reft 

KEY  WORDS:  Automobiles,  Diesel  engines. 
Interior  noise 

The  noise  and  vibration  properties  of  diesel 
engines  call  for  increased  efforts  in  manu¬ 
facturing  passenger  cars  to  achieve  a  level 
of  comfort  comparable  to  gasoline  cart. 
Starting  with  measurements  of  vehicle  inte¬ 
rior  noise  reasonable  limits  of  diesel  engine 
noise  and  vibration  levels  and  sound  and 
vibration  transmission  properties  are  de¬ 
fined. 
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Engine  Bncapanlatioai  on  6-10  Ton-Tnscka 
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rendale,  PA,  pp  117-122,  11  figs 

KEY  WORDS:  Trucks,  Traffic  noise.  Engine 
noise.  Noise  reduction 

A  noise-reducing  capsule  for  distribution 
trucks  with  6  to  10  tons  g.v.w.  (clast  3  to 
class  6)  hat  been  developed.  This  capsule 
reduces  the  drive-past  noise  by  approxi¬ 
mately  6  dB(A)  and  at  the  same  time 
reduces  the  noise  level  in  the  cab  by 
approximately  3  dB(A).  All  component 
temperatures  remain  inside  the  permissible 
ranges;  the  functionability  of  vehicles  with 
capsules  it  retained  in  full.  The  dead 
weight  of  the  trucks  is  increased  by  ap¬ 
proximately  40  kg. 
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rendale,  PA,  pp  19 5-202,  2  figs,  4  tables, 
20  refs 

KEY  WORDS:  Trucks,  Noise  reduction 

The  British  Government  has  set  up  a  pro¬ 
gram  of  research  and  support  for  develop¬ 
ment  to  assist  the  manufacturers  of  heavy 
goods  vehicles  and  their  engines  to  develop 
products  that  will  comply  widi  new  noise 
limits  and  be  available  for  production  by 
1990.  The  program  called  QHV  90  is  de¬ 
scribed. 
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refs 

KEY  WORDS:  Automobiles,  Transient  re¬ 
sponse 

Throttle  dp-in/tip-out  maneuvers  generate  a 
driveline  torque  transient  which  may  pro¬ 
duce  an  objectionable  disturbance  to  vehicle 
occupants.  Recent  developments  in  vehicle 
design  have  conttibuted  to  increased  sever¬ 
ity  in  this  response,  which  is  known  as 
clunk  and  shuffle.  Ezperimental  procedures 
which  have  been  developed  to  quantify 
response  levels  and  diagnose  cases  of 
concern  are  described.  Specific  design  and 
calibration  modifications,  which  control 
clunk  and  shuffle,  are  also  described. 
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R.W.  Landgraf 

Ford  Motor  Company,  Dearborn,  MI 
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SAE-MEP  200,  pp  101-108,  8  figs,  2  tables, 
17  refs 

KEY  WORDS:  Ground  vehicles.  Fatigue 
life.  Computet  programs 


Recent  advances  in  material  and  structural 
fatigue  methodology  ate  reviewed  in  the 
context  of  their  applicability  to  ground 
vehicle  design.  The  construction  and  utili¬ 
zation  of  a  package  of  interactive  computer 
program  modules  that  enable  the  fotmtila- 
tion  and  solution  of  a  wide  variety  of 
ground  vehicle  fatigue  problems  is  also 
described.  Examples  are  presented  to 
demonstrate  the  use  of  such  a  tool  at 
various  stages  of  the  product  development 
and  validation  cycle. 
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SAE-MEP  200,  pp  121-130,  9  figs,  8  refs 

KEY  WORDS:  Ground  vehicles.  Structural 
members.  Fatigue  life.  Crack  propagation 

A  theoretical  descr^tion  is  given  of  the  life 
distributions  in  the  case  of  stochastically 
loaded  vehicle  structural  elements.  This 
method  is  based  on  the  extreme  stress 
distribution  from  one  side,  and  on  the 
service  strength  distribution  from  the  other 
side.  The  service  strength  is  derived  from 
die  crack  propagation  functions  as  well  as 
from  the  residual  strength  of  cracked  struc¬ 
tural  elements. 
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C.M.  Sonsino,  W.J.  Htq^pmann 
Fraunhofer-Institut  fur  Betriebsfestigkeit 
(LBF),  Darmstadt,  W.  Germany 
Inti.  ).  Vehicle  Des.,  6.  (3),  pp  297-310 
(May  1985)  11  figs,  3  tables,  15  refs 

KEY  WORDS:  Automobiles,  Fatigue  life. 
Design  techniques 

Among  several  competing  mass-production 
methods  powder  metallurgy  plays  an  impor- 


tant  role  not  only  ai  a  material  and  energy 
saving  alternative,  but  also  as  a  technique 
delivering  materials  widi  good  fatigue 
properties.  The  power  metallurgical 
component  design  procedure  is  illiutrsted  by 
two  examples:  a  conventionally  sintered 
turbocharger  bushing  and  a  powder  forged 
parking  gear.  Both  paru  were  previously 
designed  using  conventional  wrought  steels. 
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KEY  WORDS:  Automobiles,  Testing  tech¬ 
niques,  Fatigue  tests 

Laboratory  based  test  techniques  and  equip¬ 
ment  used  for  evaluating  car  body  structure 
dynamics  and  fatigue  performance  are 
discussed. 
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Modelling  Ptoblcma  in  dhc  Dynamic  Design 
of  Antobnsea 

P.  Michelberger,  A.  Keresztes,  S.  Horvath 
The  Technical  Univ.  of  Budapest,  Hungary 
Vehicle  Structures,  Inti.  Conf.,  Inst,  of 
Mech.E.,  London,  Conf.  Pub.  19  84-7, 
SAE-MEP  200,  pp  19  5-200,  3  figs,  7  refs 

KEY  WORDS:  Buses,  Fatigue  life 

The  complete  stress  statistics  of  bus  struc¬ 
tures  require  a  linearity  analysis  of  the 
vehicle  to  establish  exact  and  approximate 
ranges  of  computation  tesuht.  In  coefficient 
matrices  of  motion  equations  the  rather 
significant  effects  of  the  payload  have  to 
be  considered  separately. 


Univ.  of  Technology,  Loughborough,  UK 
Inti.  J.  Vehicle  Des.,  6.  (3),  pp  25  7-262 
(May  19  85) 

KEY  WORDS;  Motor  vehicles.  Design  tech¬ 
niques 

The  relationship  between  the  study  of 
dynamics  and  design  of  vehicles  is  dis¬ 
cussed..  A  conflict  exists  at  present  as  the 
numerical  data  for  dynamic  analysis  is 
often  not  available  until  late  in  the  design 
process,  at  a  stage  when  design  flexibility 
may  have  become  limited.  It  is  proposed 
here  that  in  the  ftmre  there  will  be  more 
linkage  between  dynamic  studies  and 
computer  aided  design,  with  a  trend  towards 
engineers  who  have  the  ability  to  teach 
computers  not  only  to  draw  but  also  what  to 
draw. 
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Compotci  Aided  Coticept  Design  of  a  Spozta 
Cat  Chaaaia  System 

D.J.  Fothergill,  R.  Southall,  E.  Osmond 
SDRC  Engrg.  Services  Ltd.,  Hitchin,  Hert¬ 
fordshire,  UK 

Vehicle  Structures,  Ind.  Conf.,  Inst,  of 
MechJE.,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  91-99,  8  figs,  3  tables 

KEY  WORDS:  Automobiles,  Design  tech¬ 
niques,  Computer  aided  techniques 

A  process  is  described  that  was  used  to 
design  a  chassis  system  for  a  sports  car 
with  a  non  structural  plastic  body  skin. 
The  main  concern  was  to  achieve  a  design 
widt  adequate  stiffness  to  promote  good 
handlii^  and  ensure  that  whole  vehicle 
vibration  would  be  satisfactorily  controlled. 
Simple,  cost  effective  computer  modeling 
was  used  to  predict  the  stiffness  of  an 
initial  scheme.  The  chassis  model  was 
developed  into  a  dynamic  simulation  of  the 
whole  vehicle. 
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A  New  Tednaqac  for  Field  Damage  Simo- 
latieo  of  Blaatically  Coupled  Sttnetnzea 

J.N.  Fletcher,  R.E.  Jones 
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Dynamics  and  Design 
FJD.  Hales 


Surface  Vehicle  Noiae  and  Vib.  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engineers, 
Warrendale,  PA,  pp  329-3  35,  10  figs,  12 
refs 

KEY  WORDS:  Off^ighway  vehicles.  Struc¬ 
tural  members.  Damage  prediction.  Modal 
analysis 

A  technique  for  field  durability  testing  of 
elastically  mounted  components  of  off-toad 
vehicles  has  been  developed  which  simpli¬ 
fies  the  replication  of  field  damage  on 
these  structures.  The  procedure  combines 
the  techniques  of  cumulative  damage  and 
modal  analysis  to  replace  the  usual  mul¬ 
ti-shaker  excitation  technique  with  a  much 
simpler  physical  system.  This  method 
allows  field  damage  studies  to  be  performed 
widi  less  laboratory  equipment  and  setup. 
Initial  work  has  shown  that  the  method  is 
very  effective  in  predicting  field  failures  in 
an  accelerated  laboratory  test. 
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An  Opdaixation  Mcdiod  foe  Ccaahsrottfiincsa 
Design 

Ji  Oh  Song 

General  Motors  Res.  Labs.,  Warren,  MI 
48090 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  Apr  15-17, 
1985,  Orlando,  FL,  Spons.  AIAA/ASME/- 
ASCE/AHS,  Part  1,  pp  365-372,  10  figs,  2 
tables,  6  refs 

KEY  WORDS:  Optimization,  Design  tech¬ 
niques,  Ctashwor^iness,  Collision  research 
(automotive) 

A  new  optimization  capability,  which  deter¬ 
mines  ^e  dimensions  of  the  structural 
components,  is  developed  to  minimize  the 
structural  mass  while  meeting  given  safety 
criteria.  The  study  uses  both  the  nonlinear 
spring-mass  model  and  beam  models  in  a 
hybrid  manner  such  that  the  optimizer 
interfaces  widi  the  spring-mass  model, 
which  in  turn  interfaces  widi  the  beam 
models  to  obtain  force  deformation  curves 
required  as  inpm.  A  scale  factor  repre¬ 
senting  the  stiffness  change  of  a  beam  due 
to  itt  design  change  is  introduced  to  gener¬ 


ate  die  approximate  force-deformation  curve 
of  the  beam  during  optimization. 


85-2449 

Finite  Element  Modelling  of  Vehicle  Bodies 
Using  Sobstznctncing  Mediods 

M.D.  Austin,  G.G,  Moore 
Austin  Rover  Group,  Oxford,  UK 
Vehicle  Structures,  Inti.  Conf.,  Instn.  of 
Mech.E,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  83-89,  6  figs 

KEY  WORDS:  Ground  vehicles.  Finite 
element  technique.  Substructuring  methods 

Earlier  finite  element  modeling  methods 
treated  the  entire  body  structure,  or  one 
half  if  symmetry  permitted,  as  a  single 
model.  The  need  to  evaluate  structures  in 
greater  detail  led  to  complex  models  which 
produced  large  volumes  of  unmanageable 
data  and  were  inefficient  to  cun.  A  sub- 
structured  approach  has  been  developed 
which  reduced  these  problems.  The  method 
uses  commercially  available  software  for 
model  preparation  and  analysis,  together 
with  in-house  software  for  interfacing 
between  a  draughting  geometry  database  and 
the  modeling  database,  and  for  pre-  and 
post-processing  of  the  analysis  files. 
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Aa  On-Boaid  Ccash  Test  Data  AcqaiaitieB 
Sfstem 

S.P.F.  Petty 

Transport  and  Road  Res.  Lab.,  Ctowthotne, 
Berkshire,  UK 

Vehicle  Structures,  Ind.  Conf.,  Instn. 
Mech.E.,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  11-12 

KEY  WORDS:  Collision  research  (automo¬ 
tive),  Testing  techniques.  Data  recorders 

Problems  in  the  data  acquisition  system 
used  when  vehicle  stzuctuces  ate  crash 
tested  hat  resulted  in  the  formation  of  a 
task  group  to  produce  a  pacification  for  an 
alternative  system.  The  evolution  of  the 
pacification  from  its  original  simple  con¬ 
cept  to  itt  final  form  it  described. 
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Ttcads  in  the  Detien  of  Cat  Ftont  and  Side 
Stnictncea  to  Meet  Fntnte  Safety  Needa 

I.D.  Neilson 

Transport  and  Road  Ret.  Lab.,  Crowthorne, 
Berkshire,  UK 

Vehicle  Structures,  Inti.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  19  84-7, 
SAE-MEP  200,  pp  1-6,  1  table,  11  refs 

KEY  WORDS:  Collision  research  (automo¬ 
tive),  Design  techniques 

A  review  of  the  current  situation  regarding 
car  occupants  and  pedestrians  injured  in 
road  accidents  involving  cats  is  presented. 
The  compulsory  use  of  seat  belts  hat  trans¬ 
formed  die  situation  and  the  paper  deals 
widi  die  structural  aspects  of  what  should 
be  done  next  in  cat  design.  The  discussion 
suggests  how  all  safety  needs  may  be 
achieved  in  one  design  of  ftont  structure. 
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Evahsadan  of  the  Stractntal  Integrity  of 
intetaediate  Bnsca 

FJF.  Monas  a 

Michigan  Technological  Univ.,  Houghton,  MI 
Vehicle  Sttuctures,  bitl.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  19  84-7, 
SAE-MEP  200,  pp  207-213,  8  figs,  16  refs 

KEY  WORDS;  Buses,  Collision  research 
(automotive) 

The  results  obtained  from  evaluation  of  the 
structural  integrity,  under  accident  situa¬ 
tions,  of  intermediate  buses  are  presented. 
A  method  based  on  the  finite  element 
modeling  technique  and  a  nonlinear  struc¬ 
tural  analysis  procedure  is  used.  Ihe 
results  for  rollover,  side  impact,  and  ftont 
impact  loading  conditions  are  presented 
graphically  as  load-deflection  diagrams 
along  wi&  the  three-dimensional  analytical 
model  of  the  passenger  compartment  frame¬ 
work  showing  the  sequence  of  plastic  hinge 
formation,  for  each  loading  condition,  tfi 
to  collapse. 


Safety  Administtatioa's  Vehicle  Crash  Test 
Data  Base  in  a  Study  of  Vehicle  Structural 
Be^aames 

J.R.  Hackney 

National  Highway  Traffic  Safety  Admn., 
Washington,  DC 

Vehicle  Structures,  Inti.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  13-20,  6  figs,  3  tables,  4 
refs 

KEY  WORDS:  Collision  tcieatch  (automo¬ 
tive),  Experimental  data 

The  National  Highway  Traffic  Safety 
Administration's  vehicle  crash  test  data  base 
which  contains  information  on  almost  700 
vehicles  is  providing  the  data  for  extensive 
studies  of  vehicle  structural  responses.  An 
example  of  a  study  shows  the  significance 
of  vehicle  crash  pulses  to  potential  occu¬ 
pant  itquries. 
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Future  Trends  in  dse  Sfmnlarion  of  Crash- 
worddness 

G.H.  Tidbury 

Cranfield  Inst,  of  Technology,  Ctanfield, 
Bedford,  UK 

Vehicle  Structures,  Inti.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  21-28,  6  figs,  29  refs 

KEY  WORDS:  Collision  research  (automo¬ 
tive),  Crashworthiness 

The  development  of  crash  simulation  is 
traced  for  the  two  main  aspects  of  accident 
simulation  and  vehicle  design.  It  is  shown 
diat  useful  information  can  be  obtained  on 
both  these  aspects  by  the  use  of  classical 
mechanics  with  simplified  structural  crush 
parameters.  Because  of  the  complication 
of  the  complete  simulation  of  the  crush 
behavior  of  sheet  metal  structures  the 
method  of  idealising  the  ftont  of  a  car  at 
a  series  of  masses  connected  by  nonlinear 
springs  generally  attributed  to  Kamal  is 
described. 
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llie  Use  of  ihc  Natioiial  Highway  Traffic 
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Numerical  Calcnlatioa  of  the 
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Callaptc  of  Two  Stroctiual  Cai  Safety 
Componenta 

T.  Schainhorst 

Volkswagenwerk  AG,  Foischung,  Wolfsburg, 
W.  Germany 

Vehicle  Structures,  Inti.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  19  84-7, 
SAE-MEP  200,  pp  29-38,  11  figs,  21  refs 

KEY  WORDS;  Collision  research  (automo¬ 
tive),  Finite  element  techniques.  Damage 
prediction 

Nonlinear  finite  element  techniques  are 
applied  to  a  longitudinal  car  beam  and  the 
bending  collapse  of  a  steering  tube  column. 
Results  are  compared  to  measurements  and 
suggest  diat  these  numerical  techniques  can 
be  applied  in  a  predictive  manner  and  that 
they  ate  useful  in  reducing  the  amount  of 
component  testing. 


A.M.S.  Al-Sheikh,  M.A.  Nanayakkara,  P.W. 
Sharman 

University  of  Technology,  Loughborough,  UK 
Vehicle  Structures,  Inti.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  19  84-7, 
SAE-MEP  200,  pp  47-51,  9  figs,  7  refs 

KEY  WORDS:  Collision  research  (automo¬ 
tive),  Design  techniques.  Automobiles, 
Energy  absorption 

In  the  design  of  cats,  and  other  safety 
sensitive  systems,  it  is  essential  that  the 
energy  of  impact  is  absorbed  in  progres¬ 
sively  deforming  parts  of  the  structure, 
particularly  in  regions  which  are  relatively 
unimportant  in  terms  of  the  primary  pur¬ 
pose.  The  large  deformations  experienced 
by  open  sections  during  collapse  may  be 
conveniendy  described  by  discrete  mathe¬ 
matical  methods,  utilizing  finite  elements 
and  powerful  incremental  programs  account¬ 
ing  for  plasticity  as  well  as  the  large  dis¬ 
placements. 
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Modelling  dte  Collapse  of  Cats  in  Asym- 
metzical  Baniet  Impact  Tests 

M.  Brennan,  M.  Macaulay,  A.  Wynn-Ruff- 
head 

University  College,  London  WCl,  UK 
Vehicle  Structures,  Ind.  Conf.,  Instn.  of 
Mech.E.,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  39-45,  10  figs,  1  table,  4 
refs 

KEY  WORDS:  Collision  research  (automo¬ 
tive),  Impact  tests.  Guardrails 

The  development  and  use  of  a  two-dimen¬ 
sional  lumped-mass  computer  model  to 
simidate  cars  deforming  in  frontal  barrier 
impact  tests  is  described.  The  masses  are 
chosen  to  be  representative  of  two  types  of 
cat  for  which  impact  data  were  avaUable, 
and  the  load-deflection  characteristics  of 
the  structural  members  ate  fitted  to  the 
behavior  of  these  two  cats  in  the  symmetri¬ 
cal  frontal  impact  test  and  two  different 
asymmetrical  tests.  Use  is  made  of  opera¬ 
tor  controlled  and  automatic  optimzing 
routines. 
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Inflnence  of  Inctda  in  StractnzaJ  Ctaabwot- 
dtincaa 

S.R.  Reid,  C.D.  Austin 
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Vehicle  Structures,  Ind.  Conf.,  Instn,  of 
Mech.E.,  London,  Conf.  Pub.  19  84-7, 
SAE-MEP  200,  pp  63-70,  8  figs,  14  refs 

KEY  WORDS:  Crashworthiness,  Structural 
members.  Ground  vehicles.  Tubes,  Energy 
absorption 

The  effects  of  inertia  on  the  modes  of 
collapse  of  two  classes  of  structure  are 
described  and  discussed.  Systems  of  struc¬ 
tural  elements  which  have  a  monotonically 
increasing  load-deflection  curve  deform 
under  the  influence  of  structural  waves 
when  subjected  to  impact  loading.  The 
behavior  of  tubular  columns  is  dominated  by 
dte  effects  of  instability  which  ate  also 
strongly  influenced  by  the  inertia  of  the 
structure. 
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Unsteady  Flows  Acound  Tbtec-Dimcnsioaal 

Wings 

M.  Gad-el-Hak 

Flow  Research  Co.,  Kent,  WA 

Rept.  No.  FRC-RR-305,  AFOSR-TR-84- 

1243,  90  pp  (Oct  1,  1984),  AD-A149  993/- 
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KEY  WORDS:  Aircraft  wings.  Fluid-induced 
excitation 

Time-dependent  flows  around  rectangular, 
swept  of  delta  wings  undergoing  harmonic 
pitching  motions  were  investigated  using 
flow  visualization  techniques.  Hie  wings 
were  towed  in  an  18-m  water  channel  at 
chord  Reynolds  numbers  up  to  330,000. 
Fluorescent  dye  layers  were  excited  with  a 
sheet  of  laser  light  and  used  to  mark  the 
flow  in  the  separation  region  around  the 
lifting  surface,  the  wake  region  and  the 
potential  flow  away  from  the  wing.  The 
flow  field  around  each  wing  depends  to  a 
large  degree  on  wing  planform,  leading 
edge  contour,  and  the  reduced  frequency  of 
oscillation.  The  results  can  be  mosdy  ex¬ 
plained  in  terms  of  the  mutual  induction 
between  the  leading  edge  separation  vortex 
and  the  trailing  edge  shedding  vortex. 
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A  New  Approach  to  Dotabilscy  Pccdictioa 
for  Foci  Tank  Skins 

M.A.  Ferman,  W.H.  Unger,  C.R.  Saff,  M.D. 
Richardson 

McDonnell  Douglas  Corp.,  St.  Louis,  MO 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  102-109,  14 
figs,  6  refs 

KEY  WORDS:  Fuel  tanks.  Aircraft  compo¬ 
nents,  Fatigue  life 

A  potential  source  of  fuel  tank  leakage, 
premature  fatigue  cracks  initiated  from  a 
newly  recognized  dynamic  loading,  is  inves¬ 
tigated.  This  new  loading  source  resuks 


from  fluid  structure  interaction  dynamics 
between  tank  skins  and  fuel  mass.  Signifi¬ 
cant  strain  intensifications  are  produced, 
and  since  they  occur  at  higher  frequencies, 
they  cause  a  reduced  fatigue  life.  It  it 
believed  that  this  approach  may  help  to 
explain  why  many  instances  of  premature 
tank  skin  fatigue  and  leakage  were  not 
previously  predicted  by  maneuver  ^ectrum 
fatigue  methods.  This  should  provide  an 
improved  design  approach  to  minimize  fuel 
leakage  from  fatigue  cracks. 
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An  Improved  Source  Model  for  Aircraft 
ImetMT  Neaae  Studies 
J.R.  Mahan,  C.R.  Fuller 
Virginia  Polytechnic  Inst,  and  State  Univ., 
Blacksburg,  VA 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  602-608,  8 
figs,  1  table,  6  refs 

KEY  WORDS:  Aircraft  noise.  Interior  noise 

The  present  paper  exploits  an  existing 
analytical  model  for  noise  transmission  into 
aircraft  cabins  to  investigate  the  behavior 
of  an  improved  propeller  source  model  for 
use  in  aircraft  interior  noise  studies.  The 
new  source  model,  a  virtually  rotating 
d^ole,  is  shown  to  adequately  match 
measured  fuselage  sound  pressure  distribu¬ 
tions,  including  the  correct  phase  relation¬ 
ships,  for  published  data.  As  an  example 
of  its  application,  the  virtually  rotating 
dipole  is  used  to  study  the  sensitivity  of 
synchropohasing  effectiveness  to  the  fuse¬ 
lage  sound  pressure  trace  velocity  distribu¬ 
tion.  Results  of  calculations  are  presented. 
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Dynamic  Load#  Analyaca  of  FlcziUc  Air¬ 
planes  —  New  and  Existing  Tcchaiqpes 
A.S.  Pototzky,  B.  Perry,  in 
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Structures,  Structural  Dynamics  and  Materi¬ 
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1983,  Orlando,  Florida,  spons.  AIAA/- 


ASME/ASCE/AHS,  Put  2,  pp  6;i-663.  14 
figs,  1  table,  19  refs 


KEY  WORDS:  Aircraft,  Aerodynamic  loads. 
Mode  displacement  method.  Mode  accelera¬ 
tion  method.  Summation  of  forces  method 

Existing  techniques  for  calculating  dynamic 
loads  for  flexible  airplanes  are  reviewed 
and  a  new  technique  is  presented.  The  new 
technique  involves  the  summation-of-forces 
mediod  of  writing  dynamic  loads  equations. 
The  new  technique  uses  s-plane  approxima¬ 
tion  mediods  to  transform  the  dynamic 
loads  equations  from  a  second-order  fre¬ 
quency-domain  formulation  with  frequency- 
dependent  coefficients  into  a  linear-time- 
invariant  state-space  formulation.  Several 
numerical  examples  demonstrate  the  useful¬ 
ness  of  the  new  technique  and  the  high 
quality  of  die  results. 
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figs,  14  refs 

KEY  WORDS;  Aircraft  wings.  Warping, 
Aeroelasdcity 

The  new  methodology  used  as  the  basic 
tool  in  this  paper  is  basically  the  aeroelas- 
tic  equivalent  of  the  aerodynamic  similarity 
rule.  The  influence  of  warping  (spanwise 
axial  constraints  on  wing  twist)  on  compos¬ 
ite  wing  aetoelasdc  oscillations  is  investi¬ 
gated  using  this  approach.  Results  show 
that  a  high-aspect-ratio  composite  wing 
could  behave  aeroelastically  like  a  low 
aspect  ratio  wing  and  vice-versa.  Similarity 
parameters  derived  in  this  analysis  expose 
conditions  for  which  this  might  happen. 
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A  New  ^ptMch  to  Apply  die  Potcadal 
Gtedscot  Mcdiod  foe  SepccMiBC  UaMcedy 
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KEY  WORDS:  Aircraft  wings.  Aerodynamic 
loads.  Gradient  methods 

A  new  approach  in  applying  the  potential 
gradient  method  to  compute  the  generalized 
aerodynamic  forces  on  wing-like  lifting 
surfaces  is  discussed.  An  aerodynamic 
influence  coefficient  formulation  relating 
the  downwash  and  the  panel  pressure  distri¬ 
butions  has  been  derived.  The  formulation 
is  such  that  there  is  no  need  to  consider 
die  wake  or  the  diaphragm  elements  in  the 
analysis.  Since  there  is  no  series  expansion 
of  the  frequency  term  in  this  method, 
computations  at  low  supersonic  Mach 
numbers  and  high  reduced  frequencies  can 
be  performed  with  no  convergency  difficul¬ 
ties. 


S3-2463 

Wang  Rock  Flow  Phcaofliciao 

L.E.  Ericsson 

Lockheed  Missiles  and  Space  Co.,  Inc., 
Sunnyvale,  CA 

Proc.  of  Workshop  on  Unsteady  Separated 
Flow  held  at  U.S.  Ait  Force  Academy,  Aug 
10-11,  1983,  AD-A148  249,  pp  10-20, 

AD-P004  134/1/GAR 

KEY  WORDS;  Aircraft  wings.  Fluid-induced 
excitation 

Flow  mechanisms  that  can  generate  wing- 
rock  type  oscillations  ate  described.  It  is 
shown  that  the  slender  wing  rock  phenome¬ 
non,  the  limit  cycle  oscillation  in  toll 
observed  for  very  slender  delta  wings,  is 
caused  by  asymmetric  leading  edge  vortices 
and  that  vortex  breakdown  can  never  be  the 
cause  of  it  as  it  has  a  damping  effect. 


«9-246( 

Effect  of  ActiTe  Cooizol  Spates  Nenlineecir 
tiea  eo  the  L-1011-3(A^  Deaign  G«at 
Loada 


].D.  Gould 

Lockheed  California  Co.,  Burbank,  CA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  468-476,  22 
figs,  2  tables,  4  refs 

KEY  WORDS;  Aircraft  Wings,  Wind  induced 
excitation.  Active  control.  Design  techniques 

An  active  control  system  has  been  devel¬ 
oped  for  a  derivative  of  the  L-1011  which 
allows  an  increase  in  wing  span  widi  litde 
increase  in  design  wing  loads.  An  allow¬ 
ance  for  load  increases  produced  by  active 
control  system  nonlinear  effects  has  been 
included  in  the  design  loads,  and  the 
adequacy  of  this  allowance  has  been  sub¬ 
stantiated  by  a  nonlinear  simulation  of  the 
aircraft  and  active  control  system  encoun¬ 
tering  these  severe  turbulence  levels. 


83-2467 

Hie  Cofflpotatioa  of  Secoiid-Oxdec  Accoxatc 
Untteady  Aecodynomic  Genctalized  Forces 

B.  van  Niekerk 

Stanford  Univ.,  Stanford,  CA  94303 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  36-63,  3  figs, 
1  table,  18  refs 

KEY  WORDS;  Airfoils,  Aircraft  wings, 
Weighted  residual  technique.  Flutter 

A  classical  variational  principle  is  used  to 
derive  special  properties  of  a  weighted 
residual  method.  It  is  shown  that  some 
weighted  integral  of  the  sought  solution  can 
be  obtained  to  second-order  accuracy  in  the 
solution  to  the  original  and  adjoint  prob¬ 
lems.  For  aerodynamic  problems,  it  is 
assumed  diat  the  reverse  flow  problem  is 
adjoint  to  die  original  problem.  Examples 
on  airfoils  and  panel  methods  demonstrate 
the  fast  convergence  of  generalized  aerody¬ 
namic  forces  on  airfoils  and  wings. 


•5-2468 

Tuniwiic  TcM  of  a  Foewatd  Swept  Wing 
CoofifveCMa  Ezhibiliiit  Body  Frccdoa 
Fhittcc 


R.  Chipman,  F.  Rauch,  M.  Rimer,  B.  Muniz 
Grumman  Aerospace  Corp.,  Betfapage,  NY 
11714 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  29  8-312,  16 
figs,  2  tables,  11  refs 

KEY  WORDS;  Aircraft  wings.  Flutter,  Wind 
tunnel  testing 

Body  freedom  flutter  is  a  dynamic  instabil¬ 
ity  involving  aircraft  pitch  and  wing  bending 
motions  which,  though  rarely  experienced  on 
conventional  vehicles,  is  characteristic  of 
forward  swept  wing  (FSW)  aircraft.  To 
investigate  this  aeroelasdc  phenomenon, 
tests  were  conducted  on  a  1/2-  scale,  fly¬ 
ing,  cable-mounted  model  of  a  realistic  FSW 
configuration  widt  and  without  relaxed  static 
stability  (RSS). 


85-246* 

Flottet  and  DiTCtgcncc  Bnondaty  Ptcdictua 
ftoB  NonatatiaBaty  Bandom  Rcaponaca  at 
beteaaing  Flow  ^ceda 

Y.  Matsuzaki,  Y.  Ando 
Nagoya  Univ.,  Nagoya,  Japan 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  313-319,  7 
figs,  20  refs 

KEY  WORDS;  Aircraft  wings.  Flutter 

A  locally  stationary  process  method  for 
predicting  the  flutter  and  divergence 
boundaries  is  presented.  The  method  was 
applied  to  response  signals  of  wing  models 
due  to  flow  turbulence  measured  in  sub- 
critical  flutter  and  divergence  tests,  in 
which  the  dynamic  pressure  was  increased 
at  a  constant  speed  widi  the  Mach  immbet 
being  fixed. 


•5-2470 

Meaaoted  Unatcady  Ttanaaotc  Acndyaamic 
Chazactcciatica  of  an  Blaatic  S^perccWcal 
Wing  widi  an  Oscillating  Canttnl  Snrfacc 


D.A.  Seidel,  M.C.  Sandford,  C.V.  Ecksttom 
NASA  Langley  Rea.  Ctt.,  Hampton,  VA 
2366S 

Sttuctutea,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  64-71,  13 
figs,  10  refs 

KEY  WORDS:  Aircraft  wings.  Airfoils, 
Flutter,  Wind  tunnel  tests.  Experimental  data 

Transonic  steady  and  unsteady  aerodynamic 
data  were  measured  on  a  large  elastic  wing 
in  a  transonic  dynamics  tunnel.  The  wing 
had  a  supercritical  airfoil  shape  and  a 
leading-edge  sweepback  of  28.8**.  The  wing 
was  heavily  instrumented  to  measure  both 
static  and  dynamic  pressures  and  deflec¬ 
tions.  A  hydraulically  driven  outboard 
control  surface  was  oscillated  to  generate 
unsteady  airloads  on  the  wing.  Representa¬ 
tive  results  from  the  wind  tunnel  tests  arc 
presented  and  discussed. 


89>2471 

C^wpling  Lmeatised  Far-Ficld  BMasdsury 
CnoditiniM  widi  Non-Lincat  Neat-Field 
Sohrtona  in  Tcanaenic  Flow 

W.S.  Rowe,  F.E.  Ehlcts 

Boeing  Commercial  Airplane  Co.,  Seattle, 

WA 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Otlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  72-82,  24 
figs,  6  tefs 

KEY  WORDS:  Aircraft,  Flutter,  Fluid  in¬ 
duced  excitation 

A  reseatch  investigation  has  been  conduaed 
to  evaluate  the  feasibility  of  coupling  line¬ 
arized  far  field  solutions  with  near-field 
finitt  differencing  equations  to  reduce  the 
size  of  grid  networks  required  in  transonic 
flow  calculations.  A  criterion  based  on  the 
gradient  of  the  flow  field  Mach  number 
was  developed  for  use  in  establishing  the 
minimum  size  grid  network  necessary  for 
accurate  finite  thickness  unsteady  loading 
predictions. 


•S-2472 

Unsteady  Transonic  Flow  Calcnlatioos  foe 
Twfr4>imensieoal  Canard-Wing  Confignea- 
tions  widi  Acroelasdc  Applicatians 
J.T.  Batina 

NASA  Langley  Res.  Ctt.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  1-9,  13  figs, 
1  table,  13  tefs 

KEY  WORDS:  Aircraft  wings.  Aerodynamic 
loads.  Fluid-induced  excitation.  Flutter 

Unsteady  transonic  flow  calculations  for 
aerodynamic  ally  inter  f  erring  airfoil  configu¬ 
rations  ate  performed  as  a  first  step  toward 
solving  the  three-dimensional  canard-wing 
interaction  problem.  These  calculations  ate 
performed  by  extending  the  XTRAN2L 
two-dimensional  unsteady  transonic  small- 
disturbance  code  to  include  an  additional 
airfoil.  Unsteady  transonic  forces  dtdte  to 
plunge  and  pitch  motions  of  a  two-dimen¬ 
sional  canard  and  wing  ate  presented. 


85-2473 

Campoter-Aidetl  Freqaeacy  Domaia  Syadic- 
aiz  of  a  Robaat  Active  Flatter  Snppteaaioa 
Ceitttel  Law 

D.K.  Schmidt,  T.K.  Chen 
Purdue  Univ.,  West  Lafayette,  IN 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  439-467,  7 
figs,  3  tablet,  18  reft 

KEY  WORDS:  Active  flutter  conttol.  Fre¬ 
quency  domain  method.  Computer-aided 
techniques.  Graphic  methods 

Computer-aided  graphical  conventional 
synthesis  techniques  ate  employed  to  obtain 
a  robust  active-flutter-suppreation  conttol 
law.  The  relatively  high  dynamic  order  of 
such  problems  ate  dealt  widt  effectively 
widi  a  computer-aided  ^^proach,  while 
interactive  computet  gti^hics  allows  con¬ 
ventional  graphical  techniquet  to  be  util¬ 
ized.  Key  design  information  it  displayed 
for  variations  in  flight  condidona  such  that 
a  simple  control  law  is  obtained  that  is 


robust  over  the  vsristion  in  the  flight 
condition 


SS-2474 

Fluttcc  Conttol  wtdi  Unsteady  Accndynamic 
Models 

Shysng  Chang 

Ph.D.  Thesis,  Univ.  of  California,  Los 
Angeles,  106  pp  (1984),  DA8428493 

KEY  WORDS:  Aircraft,  Flutter,  Vibration 
control 

This  dissertation  deals  widi  a  generic  prob¬ 
lem  for  aircraft:  conttol  laws  for  flutter 
suppression.  Until  recendy,  the  system 
frequency  response  was  approximated  by 
rational  functions  so  that  the  finite-dimen¬ 
sional  L-Q-R  theory  could  be  applied. 
However,  discrepancy  between  theory  and 
practice,  especially  in  the  transient  re¬ 
sponse,  has  led  to  renewed  interest  in  the 
problem.  A  time-domain  model  for  un¬ 
steady  aerodynamic  loads  was  developed 
and  then  coupled  with  a  lumped  model  for 
the  structural  dynamics. 


MISSILES  AMD  SPACBCKAFT 


89-2479 

Ttaiuscitt  Load  Analysis  Mcdiod  fot  Laigc 
Lincaf  Sttnctnscs  wiA  Local  Nonlincacslics 
and  Itt  Application  to  Space  Sfantde  Payload 
Load  Analysis 
M.  Kitagawa,  K.  Kubomura 
Rockwell  International,  Downey,  CA  90241 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26^,  held  April  19-17, 
1989,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS.  Part  2,  pp  404-416,  11 
figs,  16  refs 

KEY  WORDS:  Space  shutde.  Transient 
ezeiution 

The  development  of  a  method  for  a  tran¬ 
sient  load  analysis  of  a  large-scale  structure 
with  local  nonlinearities  is  described.  Ihe 
results  from  applying  the  method  to  the 


Space  Shuttle  payload  dynamic  loads  analy¬ 
sis  ate  presented.  The  method  was  formu¬ 
lated  by  using  the  finite  difference  time 
integration  equation  developed  from  the 
Dtihamel  integration  and  interpolating  the 
nonlinear  forces  during  each  time  interface. 
Results  of  an  investigation  leading  to  find¬ 
ing  the  appropriate  nonlinear  force  time 
interpolation  functions  ate  also  presented. 


89-2476 

A  Siaspler  Approsek  to  Update  Spacecraft 
Laonch  Loads 

B.N.  Agrawal,  P.  Gtossetode,  J.O.  Dow 
Inti.  Telecommunications  Satellite  Organiza¬ 
tion,  Washington,  DC 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Pat  2,  pp  417-429,  11 
figs,  1  tables,  6  refs 

KEY  WORDS:  Spacecraft,  Transient  analy¬ 
sis,  Launching 

A  simpler  approach  it  presented  to  update 
launch  loads  for  a  spacecraft  whose  struc¬ 
tural  dynamic  characterittict  have  been 
modified  during  itt  design  phase.  The 
spacecraft  dynamic  characterittict  influence 
due  interface  acceleration  by  introducing 
anti-tesonancct  (notches)  at  the  spacecraft 
cantilever  frequencies.  The  proposed 
approach  consists  of  shifting  the  anti-reso¬ 
nance  frequencies  in  the  interface  accelera¬ 
tion  in  accordance  widi  the  changes  in  the 
natural  frequencies  of  the  spacecraft.  It 
provides  a  significant  improvement  in  the 
accuracy  of  the  calculated  spacecraft 
launch  loads  in  comparison  with  the  base 
drive  technique. 


89-2477 

Stability  of  Flexible  Stractnes  wida  Kandam 
Fatametera 

F.  Kozin 

Polytechnic  Inst,  of  New  York,  Brooklyn, 
NY 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  spons.  AIAA/- 
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ASME/ASCE/AHS,  Patt  2.  pp  166-172,  3 
fig*,  11  tcf* 

KEY  WORDS:  Spacecraft,  Stabilitjr,  Stochaa- 
tic  procecaec 

A  brief  deaeration  of  the  problem  of  ata- 
bilitjr  of  atochaatic  ayatema,  teaulta  available 
for  the  atudy  of  atability  of  condnuoua 
parameter  atructurea,  and  teaulta  needed 
for  deaign  applicability  ate  pteaented. 


S3-247S 

Use  of  Hdinaa  Gm  to  Reduce  Acoustic 
Tcaauaaissiofi 

J.G.  Blevina,  L.L.  Hanaen 

Martin  Marietta  Denver  Aeroapace,  New 

Orleana,  LA 

Structure*,  Structural  Dynamic*  and  Materi¬ 
al*  Conf.,  Ptoc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  apona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  96-101,  10 
figa,  1  table 

KEY  WORDS:  Spacecraft  component*,  Sound 
tranamiaaion.  Launching  teaponae,  Acouad- 
cally  induced  ezeitadon 

Payload  encloaute*  aulqected  to  high  energy 
acouadcal  environment*  may  have  high 
ttanamiaaibility  due  to  coupling  between 
atructural  and  acouadcal  mode*.  Reducing 
ttanamiaaibility  by  maaa  attenuadon,  in- 
creaaed  abaotption  or  damping  cauaea 
undeairable  weight  incteaaea.  It  ia  ahown 
that  decoupling  of  the  dynamic  mode*  can 
be  achieved  widiout  increaaing  weight  by 
introducing  a  different  gaa  (helium  (He)) 
inside  the  enclosure  from  the  ambient  gat 
(air)  outside  the  encloaute.  For  a  certain 
frequency  range,  analydeal  atudiet  of  the 
ezternal  tank  aft  cargo  carrier  show  nearly 
zero  sound  reduction  through  the  structure. 


Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  apona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  152-160,  12 
figs,  23  reft 

KEY  WORDS:  Spacecraft,  Active  vibradon 
control 

Ihia  paper  introduces  the  point  of  view  that 
elasdc  deformation  in  large  apacecraft 
structures  may  be  apdy  viewed  in  terms  of 
pt^agadng  disturbances.  The  control 
concepts  which  result  from  auch  a  view¬ 
point  are  presented. 


S5-24M 

bUftated  Stracnizal/Coattol  Synthcaiz  via 
Sct-TlieMctic  Methoda 
A.L.  Hale 

General  Dynamics  Convair  Div.,  San  Diego, 
CA 

Structures,  Sttuctural  Dynamics  and  Materi¬ 
als  Conf.,  Ptoc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  apona,  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  636-641,  3 
tables,  16  refs 

KEY  WORDS:  Spacecraft,  Vibradon  control 

An  ellipsoidal  set-theoretic  approach  to  the 
integrated  atructural/conttol  synthesis  for 
vibration  regulation  of  flexible  atructurea 
such  as  large  space  structures  is  consid¬ 
ered.  The  synthesis  attempts  to  maximize 
the  allowable  magnitude  of  an  unknown  but 
bounded  disturbance  to  the  structure  while 
explicitly  sadsfying  q>ecific  input  and 
output  constrainta.  Both  sttuctural  parame¬ 
ters  and  control  gains  are  variable  during  a 
search  for  the  maximum  allowable  distur¬ 
bance.  A  simple  numerical  example  is 
presented  to  illustrate  this  synthesis  i^- 
proach. 


<9-2479 

Lmr-AndaMitf  CooBol  Sjadiczis  foz  Lazg* 
^poccczalt  SuttcOttcz,  Usiag  Distozbance 
PtapagatMB  Ccsicapii 

A.H.  von  Flotow 

German  Space  Operations  Ctt.,  DFVLR 
^erpfaffe^ofen,  Wessling,  Fed.  Republic 
Germany 
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•9-24tl 

Coolzol  of  Dyaomic 
uam  Model  of  a  Lazge  ^acc 

P.E.  O^onoghue,  S.N.  Atluri 

Georgia  Inst,  of  Technology,  Atlanta,  GA 

Structures,  Structural  Dynamics  and  Matcri- 
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all  Conf.,  Proc.  of  26th,  held  April  lS-17, 
1989,  Orlando,  Florida,  aponi.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  31-42,  14 
figa,  3  tablet,  23  reft 

KEY  WORDS:  Spacecraft,  Vibration  control. 
Equivalent  continuum  method 

The  problem  of  active  control  of  the  tran- 
lient  dynamic  tetponte  of  large  space 
structures,  modeled  as  equivalent  continua, 
is  investigated.  The  effects  of  initial 
stresses,  in  the  form  of  in-plane  stress 
resultants  in  an  equivalent  plate  model,  on 
the  controllability  of  transverse  dynamic 
response,  are  studied.  A  singular-solution 
approach  is  used  to  derive  a  fully  coupled 
set  of  nodal  equations  of  motion  which  also 
include  non-proportional  passive  damping. 


89-2482 

Direct  Compatadoii  of  Optimal  Cootsol  of 
Forced  Lineer  System 

S.  Utku,  Chin-Po  Kuo,  M.  Salama 
Duke  Univ.,  Durham,  NC  27706 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  494-498,  6 


KEY  WORDS:  Spacecraft,  Optimum  control 
theory 

The  optimal  control  of  a  forced  linear 
system  may  be  reduced  to  that  of  tracking 
the  system  without  forces.  The  solution  of 
the  tracking  problem  is  available  via  the 
co-state  variables  method.  This  procedure 
is  computationally  expensive  for  large  order 
systems.  It  requires  solution  of  matrix 
Riccati  equation  and  two  final  value  prob¬ 
lems.  An  alternate  approach  is  outlined  fot 
the  direct  computation  of  the  optimal  con¬ 
trol.  A  matrix  Volterra  integral  must  be 
solved.  Fot  this  purpose  two  computatimial 
schemes  ate  described,  and  an  illustrative 
example  is  given. 


89-2489 

Optimal  Stractaial  Modificatunt  ta  Baliaacc 
the  Opdmal  Active  ^^btatiaii  Caatnl  of 
Latfc  Flexible  SiracMcea 


N.S.  Khot,  F.E.  Eastep,  V.B.  Venkayya 
Ait  Force  Wright  Aeronautical  Labs., 
Wright  Patterson  Ait  Force  Base,  OH  49433 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  134-142,  4 
figs,  11  tables,  13  refs 

KEY  WORDS;  Spacecraft,  Active  vibration 
control,  Sttuctutal  modification  techniques, 
Optimiz  ation 

This  smdy  provides  a  method  of  vibration 
control  of  large  space  structures  by  simul¬ 
taneously  integrating  the  structure  and 
control  design  to  reduce  the  structural 
response  from  a  disturbance  encountered. 
The  formulation  of  the  design  scheme  is 
obtained  by  the  structural  modification  of 
some  nominal  finite  element  model,  which 
is  controlled  in  an  optimal  fashion  by  a 
linear  regulator,  to  increase  the  active 
modal  damping  factor  beyottd  that  of  the 
nominal  structure.  The  structural  modifica¬ 
tions  ate  achieved  by  using  a  nonlinear 
mathematical  optimization  technique. 


89-2484 

Use  of  Picxo-Cctamica  aa  Diaiziboaad 
Actsatoca  ia  Latge  Space  Smetatea 
B.F.  Crawley,  J.  de  Luis 
Massachusetu  Inst,  of  Technology,  Cam¬ 
bridge,  MA 

Sttuctures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  126-133,  8 
figs,  1  table,  8  refs 

KEY  WORDS:  Spacecraft,  Actuators,  Pie¬ 
zoelectricity,  Active  vibration  control 

Distr3>uted  segmented  piezoelectric  actua¬ 
tors  bonded  to  an  elastic  sub-structure  in 
flexure  are  modelled.  A  static  shear-lag 
mechanical  model  for  the  interface  between 
the  piezo-electric  and  the  sub-structure  is 
developed.  An  example  of  the  integration 
of  the  static  piezo  structure  iitteraction  into 
a  simple  dynamic  model  for  the  beam  is 
given.  This  model  leads  to  the  ability  to 
predict,  a  priori,  the  response  of  the  struc¬ 
tural  member  to  an  excitation  voltage  ap¬ 
plied  to  the  piezo-electric. 


•M4tS 

bcttial  ActnatM  Dcaign  fot  Maziaim 
PuuTC  and  Active  Bnccgf  Diaaipatiaii  in 
FlcxiUe  Space  Stractncea 
D.W.  Millet,  E,F.  Crawley,  B.A.  Ward 
Maasachuaetti  Inat.  of  Technology,  Cam¬ 
bridge,  MA 

Sttuctutea,  Structural  Dynamica  and  Materi- 
ala  Conf.,  Proc.  of  26th,  held  April  lS-17, 
1985,  Orlando,  Florida,  apona.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  536-544,  10 
figa,  3  tablea,  8  refa 

KEY  WORDS:  Spacecraft,  Active  vibration 
control.  Vibration  abaorbera  (equipment 

The  aelection  of  the  paaaive  parametera  fot 
paaaive  and  active  inertial  vibration  ab- 
aotbeta  iittended  for  uae  in  large  flexible 
apace  attuctutea  ia  inveatigated.  Optimal 
paaaive  vibration  abaorbera  ate  deaigned  for 
one  and  two  DOF  atructural  repreaentationa 
uaing  three  parameter  optimization  tech- 
niquea:  minimum  maximum  ateady-atate 

teaponae;  pole  placement;  and  quadratic 
coat  minimization.  The  three  techniquea 
yield  neatly  identical  reauka. 


•S-24S7 

A  Dcaitn  Techniqnc  foe  Dccctaaining  Actna- 
toc  Gain*  in  Spacecraft  ^^tatioa  Cointol 
G.C.  Horner,  J.E.  Walz 
NASA  Langley  Rea.  Ctt.,  Hampton,  VA 
Structurea,  Structural  Dynamica  and  Mateti- 
ala  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  apona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  143-151,  7 
figa,  2  tablea,  9  refa 

KEY  WORDS:  Spacecraft,  Actuatora,  Active 
vibration  control.  Damping  coefficienta 

A  deaign  procedure  ia  deacribed  which 
determinea  the  gaina  of  a  diagonal  damping 
matrix  to  control  the  vibrationa  of  a  flex¬ 
ible  atructure  widi  implication  to  orbiting 
apacecraft.  The  procedure  ia  baaed  on 
minimizing  the  energy  diaaipated  by  control 
actuatora  uaing  nonlinear  mathematical 
programming.  A  grillage  example  ia  uaed 
to  demonatrate  the  deaign  proceaa  for  deter¬ 
mining  gaina  for  two  repreaentative  caaea. 
Reaulting  deaigna  are  verified  by  a  finite 
element  analyaia  of  the  atructure  augmented 
by  the  control  actuatora. 


8S-24t4 

Scaskivity  of  Opdaaised  Coottol  Syttcaa  to 
Minot  Stnictacol  ModificotUna 

R.T.  Hafdta,  Z.  N.  Martinovic,  W.L.  Hal- 
lauer,  Jr.,  G.  Schamel 

Virginia  Polytechnic  Inat.  and  State  Univ., 
Blackaburg,  VA 

Sttuctutea,  Structural  Dynamica  and  Materi¬ 
al!  Conf,,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  apona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  642-650,  6 
figa,  7  tablea,  8  refa 

KEY  WORDS:  Structural  modification  tech¬ 
niquea,  Vibration  control 

A  procedure  fot  checking  whether  amall 
change!  in  a  atructure  have  the  potential 
fot  aignificant  enhancement!  of  ita  opti¬ 
mized  vibration  control  ayatem  ia  deacribed. 
The  procedure  haa  been  demonattated  fot  a 
flexible  laboratory  atructure  controlled  by 
aevetal  rate-feedback  colocated  force-actua¬ 
tor  velocity-aenaot  paita.  Significant  im- 
provementa  in  the  performance  of  the 
control  ayatem  were  obtained  widi  email 
atructural  modificationa. 


«W4t8 

Dampint  Syadieaia  f«t  FleziUe  Space  Sttve- 
tuea  Uaiiic  CaailHiied  Bxpetuaental  and 
Analytical  Modda 

M.L.  Soni,  B.N.  Agrawal 
Univ.  of  Dayton  Ret.  Inat.,  Dayton,  OH 
Structure!,  Structural  Dynamic!  and  Materi¬ 
al!  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  apona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  552-558,  2 
figa,  3  tablet,  5  refa 

KEY  WORDS:  Spacecraft,  Damping  tynthe- 
aia.  Modal  ayntfaeaia 

A  procedure  it  preaented  for  modal  and 
damping  tyndrcaia  of  flexible  apace  attuc- 
turea  from  aubayttem  team  and/or  analyaea. 
The  retulta  of  the  developed  modal  and 
damping  ayndieaia  procedure  ate  verified  by 
uaing  a  repreaentative  flexible  apace  attuc- 
ture  including  atructural  jointa. 


•V24W 

A  Cnmpariaan  of  Ae  Ctaif^eapten  and 


Reiidual  Flcxibilitf  Mcdiod«  for  Conpooent 
Sobattactwe  RcpccscotatMo 

D.C.  Kammei,  M.  Baker 

Structural  Dynamics  Res.  Corp.,  San  Diego, 

CA  92121 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Cold,,  Proc.  of  26th,  held  April  lS-17, 
1985,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  699-706,  5 
figs,  1  table,  6  refs 

KEY  WORDS;  Spacecraft,  Component  mode 
synthesis 

A  theoretical  and  numerical  comparison  is 
made  between  the  fixed  interface  Craig- 
Bampton  method  and  the  free  interface 
methods  of  MacNeal  and  Rubin  for  compo¬ 
nent  substructure  representation.  The  static 
and  dynamic  equivalence  of  the  methods  is 
investigated  for  a  restrained  substructure. 
Vector  space  theory  is  used  to  derive  a 
relation  which  must  be  satisfied  for  dy¬ 
namic  equivalence  of  the  Craig-Bampton 
and  Rubin  substructure  representations. 


85-2490 

A  Ceat-Bffcctivc  Component  Modes  Anslysis 
for  Sbande  Payloads  Using  a  Combination 
of  Fte<|Bency  Domain  and  lime  Domain 
^ptoaches 

M.  Ttubert,  L.  Peretti 

California  Inst,  of  Technology,  Pasadena, 

CA  91109 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  391-403,  9 
figs,  1  table,  17  refs 

KEY  WORDS;  Space  shutdes.  Component 
mode  analysis.  Modal  analysis.  Frequency 
domain  method.  Time  domain  method 

Rather  than  using  a  frequency  domain  to 
solve  the  entire  problem,  a  combination  of 
the  time  domain  and  the  frequency  domain 
is  sought  using  the  frequency  domain  only 
for  diose  areas  where  the  time  domain  it 
clearly  inefficient  or  uncertain.  In  the 
structural  analysis  of  spacecraft  launched  on 
a  launch  vehicle,  an  intermediate  step  to 
arrive  at  the  structural  loads  in  the  space¬ 
craft  it  die  determination  of  the  time  histo¬ 


ries  at  the  launch  vehicle/spacecraft 
interface  (statically  determinate  or  nod.  The 
time  domain  approach  is  traditionally  used 
to  obtain  this  interface  acceleration  by 
merging  the  launch  vehicle  and  the  space¬ 
craft  at  the  modal  level.  The  frequency 
allows  the  determination  of  this  new  inter¬ 
face  acceleration  without  the  need  for  a 
new  merged  system  eigenvalue  solution  and 
subsequent  system  modal  responses. 


85-2491 

Effect  of  Degradatiosi  of  Material  Proper¬ 
ties  on  die  Dynamic  Response  of  Large 
Space  Structures 

S.  Kalyanasundaram,  ].D.  Lutz,  W.E.  Hais- 
ler,  D.H.  Allen 

Texas  A  ft  M  Univ.,  College  Station,  TX 
77843 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  545-551,  10 
figs,  17  refs 

KEY  WORDS;  Spacecraft,  Composite  mate¬ 
rials,  Natural  frequencies.  Mode  shapes 

The  effect  of  degradation  of  material 
properties  on  structural  frequencies  and 
mode  shapes  of  large  space  structures  (LSS) 
is  investigated.  The  difficulty  and  cost  of 
maintenance  of  LSS  make  it  a  necessity  to 
design  these  structures  to  operate  wiA  a 
certain  amount  of  load-induced  damage. 
This  damage  is  commonly  observed  in 
fibrous  composite  media. 


85-2492 

Dynamic  Analyaia  of  a  Deployable  SRace 

Sttncttne 

G.E.  Weeks 

The  Univ.  of  Alabama,  Tuscaloosa,  AL 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  43-49,  12 
figs,  14  refs 

KEY  WORDS;  Spacecraft,  Expandable  struc¬ 
tures,  Natural  frequencies.  Mode  shapes 


A  mathematical  model  and  a  corresponding 
simulation  code  have  been  developed  for 
investigating  the  free  vibration  and  forced 
response  behavior  of  a  deployable  space 
structure.  It  is  demonstrated  that  accurate 
results  for  frequency  and  mode  shape 
characteristics  can  be  obtained  widi  only  a 
small  number  of  generalized  coordinates 
and  thus,  appears  to  be  a  more  computa¬ 
tionally  efficient  algorithm  than  the  finite 
element  method. 


A  new  hybrid  procedure  for  determining 
vibration  characteristics  of  large  structures 
is  presented.  The  procedure  combines 
modal  analysis  techniques  with  recendy 
developed  techniques  of  finite-segment 
modelling.  The  procedure  uses  experimen¬ 
tal  results  from  modal  analysis  and  scaling 
procedures  to  set  the  parameters  for  the 
finite  segment  model  of  the  structure. 
Kane's  equations  are  then  used  to  obtain  the 
governing  equations  of  motion. 


•5-2493 

General  Modeo  of  Gyroelaadc  Vehicles  in 
Terms  of  Constrained  Modes 

G.M.T.  D'Eleuterio,  P.C.  Hughes 

Univ.  of  Toronto,  Downsview,  Ontuio, 

Canada 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  384-390,  4 
figs,  9  refs 

KEY  WORDS:  Spacecraft,  Gyroelasdc 
properties.  Modal  analysis 

The  dynamical  equations  for  the  general 
motion  of  gyroelasdc  vehicles  —  vehicles 
modeled  by  a  condnuum  of  mass,  stiffness 
and  gyricity  (stored  angular  momentum)  -- 
are  developed.  The  modon  is  expanded  in 
terms  of  the  vehicle's  corrersponding  con¬ 
strained  modes.  The  associated  eigenvalue 
problem  reveals  a  significant  departure  from 
the  modal  behavior  of  nongyric  elasdc 
vehicles. 


•5-2494 

CnUabncatiTc  Tcchniqaca  in  Modal  Analyaia 

M.L.  Amirouche,  R.L.  Huston 
Uiuv.  of  Illinois,  Chicago,  IL 
Stfuctuces,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  161-165,  3 
figs,  3  tables,  13  refs 

KEY  WORDS:  Spacecraft,  Modal  analysis. 
Finite  segment  method 


•5-2495 

Optimisation  Using  Lattice  Plate  Finite 
Elements  foe  Fee^ack  Cootzol  of  ^ace 
Stmetnzes 

S.E.  Lamberson,  T.Y.  Yang 
Purdue  Univ.,  West  Lafayette,  IN 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  743-750,  13 
figs,  10  refs 

KEY  WORDS:  Spacecraft,  Feedback  control. 
Finite  element  technique.  Optimization 

Latdce  plate  finite  elements  bated  on  a 
continuum  model  of  a  large  plate-like  lat¬ 
dce  space  structure  examine  the  effect  of 
vatiadon  of  several  fundamental  structural 
parameters  on  the  natural  frequencies  and 
mode  shapes  of  the  structure.  Reduced 
order  controller  design  models  are  devel¬ 
oped  using  modal  cost  analysis  to  tank  the 
modes  for  each  set  of  structural  parameter 
values. 


•5-249« 

Bstensiasi  of  Gionnd  Based  Testing  for 
Lstgc  Space  Smsetntes 
B.K.  Wads,  C.P.  Kuo,  R.J.  Glaser 
California  Irut.  of  Technology,  Pasadena, 
CA 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  477-483,  2 
figs,  4  tables,  6  refs 

KEY  WORDS;  Spacecraft,  Testing  tech¬ 
niques,  Boundary  condition  effects 
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The  results  of  the  multiple  boundary  condi¬ 
tions  test  approach,  which  provides  a 
complete  ground  test  of  a  large  structure 
that  will  provide,  in  turn,  the  data  neces¬ 
sary  to  construct  a  test-verified  final 
mathematical  model,  it  presented.  Theo¬ 
retical  studies  indicate  that  this  approach 
can  provide  a  better  final  model  than  a 
ground  test  of  the  full-scale  very  flexible 
structure  in  a  1-g  field. 


S5-2497 

Stxnctntal  Dynamic  Model  Redaction  Using 
Worst  Case  Impnlae  Response  Criteria  for 
Large  Flexible  Space  Stmctures. 

A.S.S.R.  Reddy 

Howard  Univ.,  Washington,  DC 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  262-265,  1 
fig,  1  table,  12  refs 

KEY  WORDS:  Spacecraft,  Impulse  response. 
Multidegree  of  freedom  systems.  Reduction 
mediods 

A  situation  is  presented  in  which  a  structure 
is  subject  to  a  finite  impulse  in  all  its 
degrees  of  freedom,  and  the  participation 
of  die  various  modal  coordinates  in  dynamic 
response  ate  evaluated.  The  dynamic 
response  under  an  impulse  in  every  degree 
of  freedom  is  considered  as  the  worst  case 
and  the  modal  coordinate  participation  is 
used  as  a  criteria  to  eliminate  some  of  the 
modes  from  the  model.  A  finite  element 
model  of  hoop/column  antenna  is  considered 
as  an  example  to  demonstrate  the  reduction 
procedure. 


85-249S 

CempaxatiTC  Aiialytu  of  On-Otbtt  Dynamic 
Pccformance  of  ScTccal  Large  Antcsnia 
Concepts 

G.C.  Andersen,  L.B.  Garrett,  R.E.  Calleson 
NASA  Langley  Res.  Ctt.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  707-722,  14 
figs,  6  tablet,  7  reft 


KEY  WORDS:  Spacecraft  antennas.  Vibration 
control 

With  the  increased  accessibility  to  space, 
die  utilization  of  space  as  a  viable  commu¬ 
nication  and  earth  observation  medium  will 
further  develop.  Many  of  these  systems 
will  requite  large  space  structures  to  meet 
die  performance  specifications.  Along  widi 
the  distinct  advantages  these  structures 
bring,  complex  disadvantages  also  arise  due 
to  the  inordinate  and  inherent  flexible 
nature  of  the  structures.  Four  antenna 
concepts  —  the  box  truss,  tetrahedral  truss, 
wrap-radial  rib,  and  hoop  and  column 
antenna  ate  examined  to  determine  the 
characteristic  and  magnitudes  of  the  dy¬ 
namic  response  in  terms  of  structural  dis¬ 
placements  and  member  loads  when 
subjected  to  various  slew  rate  maneuvers. 


«W499 

Dynamic  Cltacacteziatics  of  Statically  Deter¬ 
minate  Space-Tmaa  Platforms 
M.S.  Anderson,  N.A.  Nimmo 
NASA  Langley  Res.  Ctt.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  72 J- 728,  10 
figs,  1  table,  6  refs 

KEY  WORDS;  Spacecraft  antennas,  Siq>- 
ports.  Natural  frequencies.  Mode  shapes 

The  geometry  of  a  clast  of  statically  deter¬ 
minate  platforms  is  developed  and  vibration 
frequencies  determined.  Such  configura¬ 
tions  would  allow  shape  control  by  changing 
member  lengths  to  be  accomplished  widi 
small  forces.  An  additional  advantage  of  a 
statically  determinate  structure  is  being  free 
of  diermal  stress  under  any  temperature 
distribution.  Frequency  comparisons  be¬ 
tween  statically  determinate  and  more 
conventional  redundant  platforms  are  pre¬ 
sented.  Vibration  of  curved  platforms  that 
could  be  used  as  antenna  concepts  is  also 
investigated. 


•V250P 

System  and  Stcacincal  Dyimmic  Obaenratiotu 
•f  a  Sewed  Box  Tnue  Aateaiia 
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E.E.  Bachtcll,  S.S.  Bettadapur,  L.A.  Kata¬ 
nian,  W.A.  Schaitel 

Martin  Marietta  Denver  Aeroapace,  Denver, 

CO 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spona.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  73V742,  11 
figs,  3  tables 

KEY  WORDS;  Spacecraft  antennas.  Tran¬ 
sient  response.  Damping  effects 

A  parametric  study  was  performed  to  define 
slewing  capability  of  large  satellites  and 
associated  system  changes  or  subsystem 
complexity  impacts.  The  satellite  configura¬ 
tion  and  structural  arrangement  from  the 
earth  observation  spacecraft  study  was  used 
as  the  baseline  spacecraft.  Varying  slew 
rates,  settling  times,  damping,  maneuver 
frequencies,  and  attitude  hold  timet  pro¬ 
vided  the  data  requited  for  application  to  a 
wide  range  of  potential  missions. 


83-2301 

Dyiuaics  and  Cosntol  of  a  Large  Deploy¬ 
able  Beflectoc 
G.J.  Bales,  R.  Shepherd 
California  Inst,  of  Techndogy 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  729-734,  7 
figs,  2  tables,  3  refs 

KEY  WORDS;  Spacecraft  antennas,  Modal 
damping 

The  problem  of  passively  controlling  struc¬ 
tural  deformations  in  a  large  deployable 
reflector  by  adding  damping  to  the  system 
is  reviewed.  The  resuhs  of  modeling  a 
large  deployable  reflector  widi  PATRAN-G 
and  analyzing  it  widi  EASE2  and  MSC/- 
NASTRAN  finite  element  codes  are  report¬ 
ed.  The  first  ten  asymmetric  and 
symmetric  mode  shapes  and  natural  fre¬ 
quencies  are  determined. 


BIOLOGICAL  SYSTEMS 
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83-2302 

A  New  Ride  Quality  Meter 

J.J.  Wood,  J.D.  Leatherwood 
Wyle  Labs. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  13-17,  19  83. 
Spons.  Soc.  of  Automotive  Engrs.,  Warren- 
dale,  PA,  pp  177-183,  10  figs,  13  refs 

KEY  WORDS;  Vibration  measurement.  Noise 
measurement.  Ride  dynamics.  Human  re¬ 
sponse 

An  overview  of  the  development  of  a  NASA 
ride  comfort  model  is  presented.  A  new 
insaument  is  described,  the  ride  quality 
meter,  which  incorporates  the  NASA-devel¬ 
oped  model  to  characterize  ride  comfort 
based  upon  measurement  of  vehicle  interior 
noise  and  vibration.  The  meter  is  a  port¬ 
able  unit  which  provides  real-time  estimates 
of  passenger  ride  comfort  during  actual 
vehicle  operations.  It  provides  the  first 
known  capability  to  directly  sum  the  effects 
of  noise  and  vibration  into  a  single  objec¬ 
tive  comfort  index. 


83-2303 

Soaae  Aapccta  of  Mocozcycle  Noaac  and 
Annoy  aucc 

P.M.  Nelson 

Ttanq^ort  and  Road  Res.  Lab. 

Surface  Vehicle  Noise  and  ^bradon  Conf. 
Proc.,  Traverse  City,  MI,  May  13-17,  1985. 
Spons.  Soc.  of  Automotive  Engrs.,  Warren- 
dale,  PA,  pp  183-194,  11  figs.  16  refs 

KEY  WORDS:  Motorcycles,  Traffic  noise. 
Human  response 

Results  of  studies  carried  out  at  the  TRRL 
on  motorcycle  noise  and  annoyance  is 
presented.  It  is  found  that  motorcycle  noise 
is  a  disturbing  element  of  traffic  noise  but, 
at  present,  their  numbers  are  too  low  to 
affect  measured  overall  traffic  noise  levels. 


S3-2S04 

Statiftical  Mediods  foe  Evaluatiiig  Track 
Bide  Qaalitf  Mearaccs 

J.R.  Sttong 
Kenwotth  Truck  Co. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  213-220,  12  figs,  9  refs 

KEY  WORDS;  Trucks,  Ride  dynamics. 
Human  response 

Statistical  methods  were  applied  to  subjec¬ 
tive  and  objective  ride  measures  used  for 
class  8  cab-over-engine  trucks.  The  proba¬ 
bility  of  incorrectly  choosing  one  objective 
ride  measure  over  another  based  on  its 
correlation  coefficient  with  jury  ratings  was 
investigated  using  Monte  Carlo  simulation. 
An  estimate  of  the  standard  deviation  of 
objective  ride  measure  error  as  a  function 
of  correlation  coefficient  was  also  devel¬ 
oped. 


Pctceivable  Chaoges  in  Ocuve  Banda  of 
Aotomobilc  IntetiM  Noise 

J.  Bavonese,  G.L.  Gibian 
General  Motors  Res.  Labs.,  Warren,  MI 
Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  169-175,  9  figs,  5  refs 

KEY  WORDS;  Automobiles,  Interior  noise. 
Human  response 

Human  response  to  spectral  changes  in 
automobile  interior  noise,  which  characteris¬ 
tically  has  strong  low-frequency  content  and 
much  less  high-frequency  content,  is  inves¬ 
tigated. 


MECHANICAL  COMPONENTS 


•-  1 


85-2505 

The  Coftelatiaa  of  Objective  Ride  Meaeocea 
to  Sobjectivc  Jttcy  Evalnations  of  Claaa  8 
COE  Vehiclea 
T.H.  Norsworthy 
Kenwotth  Truck  Co. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  203-212,  18  figs,  9  refs 

KEY  WORDS;  Trucks,  Ride  dynamics. 
Human  response 

Fifty-six  tide  tests  of  class  8  COE  vehicles 
were  conduaed.  Linear  correlation  was 
investigated  between  subjective  jury  ratings 
and  each  of  12  objective  tide  measures 
that  were  calculated  from  vertical  and 
longitudinal  cab  acceleration  measurements. 
Ninety-five  percent  confidence  bandwidths 
and  correlation  coefficients  were  used  to 
compare  the  correlation  of  each  tide 
measure  to  the  jury  ratings. 


85-2506 

Ezpctimeatal  Detetminatioo  of  the  Smallest 


ABSORBERS  AND  ISOLATORS 


85-2507 

A  Medsod  of  Analysia  fot  Unidixectioiial 
Viheadoo  Isolators  with  Maof  Degrees  of 
Freedom 

S.A.  Paipetis,  A.F.  Vakakis 
The  Univ.  of  Patras,  Patras,  Greece 
J.  Sound  Vib.,  24  (D.  PP  13-23  (Jan  8, 
19  85),  6  figs,  1  table,  4  refs 

KEY  WORDS;  Vibration  isolators.  Visco¬ 
elastic  properties 

An  analytical  procedure  for  the  evaluation 
of  ttansmissibility  of  an  n-degree-of-f  reedom 
viscoelastic  antivibration  mounting  is  de'’el- 
oped.  The  method  it  based  on  a  model 
consisting  of  a  number  of  equal  masses 
connected  with  viscoelastic  resilient  ele¬ 
ments  widi  known  properties.  The  latter 
can  be  expressed  analytically  through  suit¬ 
able  theological  models  or  determined 
experimentally. 


85-2568 

Opdmvm  Design  of  Dynamic  Absorber  for  s 
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Bandom-Bzctted  Machine  Mounted  on  a 
Platelike  Stractnae  Foundation 

K.S.  Wang.  Y.Z.  Wang,  R.T,  Wang 
National  Cheng  Kung  Univ.,  Tainan,  Tai¬ 
wan,  Rep.  of  China 

Ind.  J.  Mech.  Sci.,  Z1  (5),  pp  335-344 
(1985),  6  figs,  12  refs 

KEY  WORDS;  Dynamic  absorbers.  Machin¬ 
ery,  Random  excitation.  Optimum  design 

The  optimum  design  of  a  dynamic  absorber 
for  a  machine  mounted  on  a  floor  system 
is  presented.  The  floor  is  considered  to  be 
a  platelike  structure.  The  transfer  function 
is  derived  in  closed  form.  Based  on  the 
band-limited  white-noise  excitation,  the 
optimum  tuning  and  damping  ratios  of  the 
absorber  are  determined  by  minimizing  the 
variance  of  response  of  the  machine.  Since 
the  variance  cannot  be  calculated  directly 
by  integrating  the  transfer  function  over  the 
band-limited  frequency  range,  the  steepest 
descent  method  is  used  for  determining 
these  optimum  parameters  by  iteration.  The 
same  procedure  can  be  extended  to  deal 
widi  die  cases  of  other  multi  degrees-of- 
freedom  systems. 


85-2509 

Undctsunding  Hydraulic  Mouots  fot  laa- 

pcoved  Vehide  Noiae,  Vibcatiaii  and  Ride 

Qualitica 

W.C.  Flower 

Lord  Corp.,  Erie,  PA 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  19  85. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  123-132,  9  figs 

KEY  WORDS:  Engine  mounts.  Hydraulic 
systems.  Ground  vehicles.  Vibration  control. 
Noise  reduction 

It  is  now  apparent  that  properly  applied 
hydraulic  mounts  can  significandy  alter  the 
perceived  performance  of  current  production 
automobiles.  Benefits  such  as  reduced 
interior  noise  and  vibration  levels,  and 
improved  ride,  especially  on  moderate  to 
tough  toads,  ate  now  attainable.  Such 
improvements  requite  the  careful  design  and 
application  of  hydraulic  powertrain  mounts, 
utilizing  a  variety  of  hydraulic  design  op¬ 


tions,  some  or  all  of  which  may  be  appro¬ 
priate  to  the  specific  vehicle  application 
under  consideration. 


85-2510 

An  Analysis  and  Application  of  a  Dccetqplcd 
Engine  Mount  System  fot  Idle  Isolatioa 

D.M.  Ford 

Vehicle  Concepts  Res.  Lab.,  Ford  Research 
Staff,  Dearborn,  MI 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  133-142,  14  figs,  3  refs 

KEY  WORDS:  Engine  mounts.  Vibration 
control 

The  issue  of  front  wheel  drive  engine  idle 
isolation  is  addressed.  Criteria  for  design 
is  established  and  an  analysis  of  an  appli¬ 
cation  is  presented.  The  approach  was  to 
model  the  powertrain  and  engine  mounts  as 
a  6  DOF  lumped  parameter  system  and 
decouple  the  five  highest  frequency  rigid 
body  modes  from  the  direction  of  the  idle 
torque  pulses  (crankshaft  rotation  direction). 


85-2511 

DcsizaUe  Sizuctuzal  Fcatutea  fot  die  Dengu 
of  Ftoot  and  Reat  Undeenm  Bumpeta  fot 
Heavy  Goods  Vehicles 
S.  Penoyre,  B.S.  Riley,  M.  Page 
Transport  and  Road  Res.  Lab.,  Crowthorne, 
Berkshire,  UK 

Vehicle  Structures,  Inti.  Conf.,  Irutitution  of 
MechJE.,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  139-145,  3  figs,  6  reft 

KEY  WORDS;  Bumpers,  Trucks 

A  review  of  accident  situations  requiting 
underrun  bumpers  is  presented  and  the 
effects  of  car  masses  and  structural 
strengths  on  the  design  of  bumpers  it  con¬ 
sidered.  Design  features  discussed  include: 
height  above  ground,  strength  to  withstand 
full,  partial  offset  and  angled  impacts, 
travel  and  force/deflection  characteristics 
of  energy  absorbing  bumpers  and  soft 
bumper  facet  to  reduced  pedestrian  inju¬ 
ries. 


hres  and  wheels 


S9-23U 

Tlic  Noise  of  Csoss  Gtoooc  Titc  Ttcod 
Patteto  Elciaeiits 

L.J.  Oswald,  A.  Aiambages 
General  Motors  Res.  Labs.,  Warren,  MI 
Surface  Vehicle  Noise  and  Vibration  Conf. 
Ptoc.,  Traverse  City,  MI,  May  lS-17,  198S. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  231-255,  17  figs,  9  refs 

KEY  WORDS:  Tires,  Trucks,  Noise  genera¬ 
tion 

This  report  deals  specifically  with  the  noise 
mechanisms  of  cross  groove  type  tread 
elements,  which  includes  both  individual 
cross  groove  and  cross  lug  elements.  The 
parameters  investigated  include  groove 
depth,  angle  of  the  groove  relative  to  the 
sidewall,  groove  shape,  and  spacing  between 
grooves. 


BLADES 


•5-2514 

HologtapUc  Mcaaotementa  and  Tlicocctical 
Predictuau  of  the  Unattady  Flow  in  a 
Ttanaosuc  Annnlat  Caacadc 
M.R.D.  Davies,  P.].  Bryanston- Cross 
Univ.  of  Cambridge,  Cambridge,  UK 
].  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  1112  (2),  PP  450-457  (Apr  19*5),  18 
figs,  15  refs 

KEY  WORDS:  Fan  blades.  Cascades,  Holo¬ 
graphic  techniques 

A  series  of  measurements  have  been  made 
on  a  transonic  annular  cascade.  The  cas¬ 
cade  which  represents  the  tip  section  of  a 
compressor  fan  blade  has  an  inlet  Mach 
number  of  1.18.  By  the  use  of  external 
vibrators  it  is  possible  to  vibrate  the  blades 
independendy  in  torsion  simulating  different 
interblade  phase  angles  to  gain  an  under¬ 
standing  of  shock  movement  and  blade 
loading.  The  results  presented  are  made 
over  interblade  phase  angles  of  180  and  135 
deg  at  a  blade  frequency  parameter  of  0.1, 
based  on  chord. 
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A  Dyaamic  Titc/Soil  Coouct  Surface  Inicc- 
acdon  Model  for  Aircraft  Ground  Opera- 


W.S.  Pi 

Northrop  Corp.,  Hawthorne,  CA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  28th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  321-329,  7 
figs,  2  tables,  6  refs 

KEY  WORDS:  Aircraft  tires.  Soil  tire  inter¬ 
action 

A  dynamic  dr  e/soil  contact  surface  interac¬ 
tion  model  for  aircraft  ground  operations  is 
described.  The  formulation  uses  a  finite 
element  kernel  function  approach.  ft  is 
based  on  the  concept  of  the  quasi-steady 
motion  of  a  tired-wheel  rolling  at  a  con¬ 
stant  speed  on  a  linear  viscodasdc  layer 
(soil).  Numerical  examples  were  given  to 
correlate  die  experimental  resubs  from  a 
high  flotation  test  program. 


•5-2515 

Opdmuatioii  and  Mcchauuaia  of 
IB  Caacidco 

E.F.  Crawley,  K.C.  Hall 
Massachusens  Inst,  of  Technology,  Cam¬ 
bridge,  MA 

J.  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  IflZ  (2),  pp  418-426  (Apr  1985),  13 
figs,  1  table,  19  refs 

KEY  WORDS;  Fan  blades.  Cascades,  Tuning 

An  inverse  design  procedure  has  been 
developed  for  the  optimum  mistuning  of  a 
high  bypass  ratio  shroudless  fan.  The  fan 
is  modeled  as  a  cascade  of  blades,  each 
widi  a  single  torsional  degree  of  freedom. 
Linearized  supersonic  aerodynamic  theory  is 
used  to  compute  the  unsteady  aerodynamic 
forces  in  the  influence  coefficient  form  at 
a  typical  blade  section.  Hie  misttining 
pattern  is  then  numerically  optimized  using 
die  method  of  nonlinear  programming  via 
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augmented  Lagiangians.  The  objective  of 
the  miftuning  ia  to  achieve  a  specified 
increase  in  aeroelastic  stability  margin  with 
a  minimum  amount  of  mistuning. 


»-2916 

FlvKci  of  Swept  Fan  Blades 

R.E.  Kielb,  K.R.V.  Kaza 
NASA  Lewis  Res.  Ctr.,  Cleveland,  OH 
J.  Engrg.  Gas  Turbines  Power,  Trans. 
ASME,  iilZ  (2),  pp  394-39  8  (Apr  19  85),  9 
figs,  1  table,  14  refs 

KEY  WORDS:  Fan  blades,  Flurter,  Geomet¬ 
ric  effects.  Aerodynamic  loads. 

The  effect  of  sweep  on  fan  blade  flutter  is 
studied  by  applying  the  analytical  methods 
developed  for  aeroelastic  analysis  of  ad¬ 
vanced  turboprops.  Two  methods  ate  used. 
The  first  method  utilizes  an  approzimate 
structural  model  in  which  the  blade  is 
represented  by  a  swept,  nonuniform  beam. 
The  second  method  utilizes  a  finite  element 
technique  to  conduct  modal  flutter  analysis. 


•5-2517 

Some  Recent  Advancea  in  die  Undeesunding 
and  Peediedon  of  Tdsboaaclitne  Sotsanic 
Stall  Fltncez 

R.M.  Chi,  A.V.  Stinivasan 
United  Technologies  Res.  Ctr.,  East  Hart¬ 
ford,  CT 

}.  Engrg.  Css  Turbines  Power,  Trans. 
ASME,  lOZ  (2),  pp  408-417  (Apr  1985),  16 
figs,  24  refs 

KEY  WORDS;  Rotor  blades.  Flutter 

Some  recent  advances  in  the  understanding 
and  prediction  of  subsonic  flutter  of  jet 
engine  fan  rotor  blades  are  reviewed.  A 
particular  shrouded  fan  of  advanced  design 
is  examined  in  the  detailed  technical  dis¬ 
cussion. 


•5-251S 

Pcopcllet  Aecodynaaic  Pctfocaance  by 
Vottcz-LaBice  Medad 


M.  Kobayakawa,  H.  Onuma 

Kyoto  Univ.,  Kyoto,  Japan 

J.  Aircraft,  ZZ.  (•)•  PP  649-654  (Aug  1985), 

11  figs,  24  refs 

KEY  WORDS:  Propeller  blades.  Aerodynam¬ 
ic  loads 

It  is  inqipropriate  to  i^ply  classical  propel¬ 
ler  theories  to  design  an  advanced  turboprop 
(ATP).  The  vortex-lattice  method  it  ^iplied 
to  rotating  blades.  Other  properties  charac- 
terittict  of  an  ATP;  i.e.,  effect  of  diq>lace- 
ment  velocitict,  interference  effect 
between  blades,  and  effect  of  flow  deflec¬ 
tion  by  a  spinner  and  nacelle,  ace  intro¬ 
duced  into  the  calculations.  Powers, 
thrusts,  and  efficiencies  of  two  kinds  of 
ATP,  SR-1  and  SR-3,  ate  obtained  and 
compared  with  experimental  values. 


•5-2519 

Applicataoii  of  the  Fsnitc-Sutc  AxbittaCT- 
Modoo  ActodyaaBics  to  Rotor  Blade  Aeco- 
claadc  Rcaposue  and  Stability  in  Hover  and 
Forward  FUffat 

M.A.H.  Dinyavati,  P.P.  Friedmarui 
Univ.  of  California,  Los  Angeles,  CA 
Sttucturet,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  522-535,  16 
figs,  16  refs 

KEY  WORDS:  Helicopters,  Propeller  blades. 
Aerodynamic  loads 

Hie  influence  of  finite-state  arbitrary-mo¬ 
tion  time-domain  aerodynamics  on  rotor 
blade  aeroelastic  stability  in  hover  and 
forward  flight  is  illustrate.  Tlie  essential 
ingredientt  of  the  generalized  Greenberg 
type  time-domain  unsteady  aerodynamics  are 
presented  and  iiKotporated  in  a  coupled 
nonlinear  flap-lag  analysis.  Aeroelastic 
stability  boundaries  for  both  hover  and 
forward  flight  are  obtained  using  both  arbi¬ 
trary-motion  time-domain  aerodynamics  and 
quasisteady  aerodynamics. 


•5-2520 

Effects  of  Miifning  oa  die  Forced  Vibce- 
tMB  of  Bladed  Disks  ia  Sobsoaic  Flow 


P.W.  Whaley,  J.C.  MacBain 
Univ.  of  Nebraska 

Sttuctures,  Sttuctural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  490-499,  16 
figs,  1  table,  12  refs 

KEY  WORDS;  Bladed  disks.  Tuning,  Forced 
vibrations 

Forced  vibration  as  a  function  of  mistuning 
is  investigated  for  aeroelasdc  coupling  and 
subsonic  flow.  Under  certain  aerodynamic 
conditions  and  for  certain  engine  orders  and 
mistuning,  the  forced  vibration  has  been 
demonstrated  to  increase  by  more  than  an 
order  of  magnitude. 


BEARINGS 


•5-2521 

An  Inflnencc  of  Fluid  Incttio  Forces  on  die 
Dynsmic  Chacsctetistics  of  TSldng-psd 
lonsnsl  Bearings  in  Turbnlenc  Flow 

H.  Hashimoto,  S.  Wada,  S.  Yamamoto 
Tokai  Univ.,  Hiratsuka-shi,  Kanagawa,  Japan 
BuU.  JSME,  21  (239),  pp  919-923  (May 
1985),  7  figs,  4  refs 

KEY  WORDS;  Journal  bearings.  Tilt  pad 
bearings.  Fluid  inertia  forces.  Turbulence 

An  influence  of  fluid  inertia  forces  on  the 
dynamic  characteristics  of  tdting-pad  jour¬ 
nal  bearings  in  turbulent  flow  is  investigated 
theoretically.  Applying  the  generalized 
turbulent  lubrication  equation  with  inertia 
effecU  to  the  centtally  pivoted  2-pads 
journal  beatings,  the  dynamic  oil  film 
forces  ate  obtained. 


•5-2522 

A  Refined  Numerical  Solution  for  die 
Hydrodynamic  Labricadon  of  Finite  Poroos 
loosnal  Bearings 

B.R.  Reason,  A.H.  Siew 

Cranfield  Inst,  of  Technology,  Cranfield, 

Bedford,  UK 


IMechE,  Proc.,  12£  (C2),  pp  85-93  (1985),  8 
figs,  7  refs 

KEY  WORDS;  Journal  bearings.  Hydrody¬ 
namic  lubrication 

A  refined  numerical  solution  for  the  hydro- 
dynamic  performance  of  finite  porous 
journal  beatings  is  presented.  The  solution 
takes  into  account  the  curvature  of  the 
bearing  wall,  intetfacial  slip  of  the  fluid 
across  the  pore  mouths,  and  employs  the 
Reynolds  boundary  conditions  at  the  oil  film 
extremities. 


•5-2523 

On  die  Radial  ^^ration  of  Ball  Bearings 
(Compoter  SimnlatiatO 

S.  Fukata,  E.H.  Gad,  T.  Kondou,  T.  Ayabe 
Kyushu  Univ.,  6-10-1  Hakozaki,  Higashi-ku, 
F^uoka-shi,  Japan 

Bull.  JSME,  Z&  (259),  pp  899-904  (May 
1985),  8  figs,  2  tables,  7  refs 

KEY  WORDS;  Ball  beatings.  Radial  vibra¬ 
tions,  Computerized  simulation 

Computet  simulation  is  used  to  analyze  the 
radial  vibration  of  ball  bearings  in  order  to 
overcome  the  experimental  and  theoretical 
difficulties:  die  expetimental  difficulties 

ate  due  to  the  complicated  interaction  of 
the  dominant  factors  while  the  theoretical 
difficulties  are  due  to  the  nonlinear  q^ting 
behavior  and  time-dependent  excitation  of 
ball  bearings. 


BELTS 


•5-2524 

Design  of  Bclb-Tcnsienec  Systems  foe 
Dynamic  Stability 

A.G.  Ulsoy,  J.B.  Whitesell,  M.D.  Hooven 
Univ.  of  Michigan,  Ann  Arbor,  MI 
J.  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASMS,  IflZ  (3),  PP  282-290  (July  1985),  14 
figs,  1  table,  15  reft 

KEY  WORDS:  Belt  dttves,  Dynamic  stability 

Several  potential  instability  mechanisms  for 
belt-tensioner  systems  ate  described  and  a 


m. 


design  mediodology  is  presented  to  ensure 
good  dynamic  performance  of  such  systems. 
A  madiematical  model  of  the  belt-tensioner 
system,  and  numerical  solution  methods,  are 
utilized  to  develop  a  computer-aided  design 
procedure.  Numerical  results,  and  confirm¬ 
ing  experimental  data,  ate  presented  for  a 
particular  automotive  belt-tensioner  system. 


FASTENERS 


A  method  for  designing  a  mechanism  which 
is  free  of  contact  loss  in  clearance  connec¬ 
tions  is  developed.  Only  revolute  joints  ate 
considered  as  possible  clearance  joints.  This 
general  theory  was  applied  to  a  slider  crank 
mechanism  and  it  is  shown  that  designing  a 
perfect  joint  is  theoretically  possible  through 
balancing  by  a  nonlinear  spring.  This 
technique  gives  a  practical  guide  for  bal¬ 
ancing  a  mechanism  widi  linear  springs  to 
reduce  the  possibility  of  contact  loss  in 
clearance  joints. 
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An  Asacasment  of  die  Impact  Pctfocmancc 
of  Bonded  Joitta  for  Uae  in  High  Energy 
Abaotbing  ftmetuzea 
J.A.  Harris,  R.D.  Adams 
Univ.  of  Bristol,  UK 

IMechE,  Proc.  12£  (C2),  pp  121-131  (1985), 
IS  figs,  2  tables,  8  refs 

KEY  WORDS:  Joints,  Bonded  structures. 
Energy  absorption 

Using  an  instrumented  impact  test,  the 
strengdi  and  energy  absorptitm  of  bonded 
single  lap  joints  have  been  measured  for 
single  lap  joints  with  four  epoxy  adhesives 
and  diree  duminium  alloy  adherends.  The 
effect  of  loading  rate  on  bonded  joint 
strength  has  been  analyzed  using  a  non¬ 
linear  finite  element  method,  from  which 
predictions  of  joint  strength  in  keeping  with 
the  experimental  results  have  been  ob¬ 
tained.  Crush  tests  carried  out  on  open- 
ended  cylinders  have  been  used  to  simulate 
the  impact  behavior  of  an  energy  absorbing 
structure. 


*f~2i26 

A  Design  Mcdiod  fee  Redneisig  die  Effcctt 
of  dcstanccs  at  RcTolote  Jeiats 

J.K.  Shin,  B.M.  Kwak 

Korea  Advanced  Inst,  of  Science  and 
Technology,  Seoul,  Korea 
IMechE,  Proc.,  X21  (C2),  pp  153-158  (1985), 
8  figs,  9  refs 

KEY  WORDS;  Mechanisms,  Joints,  Clear¬ 
ance  effects,  Design  Techniques 
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85-2527 

Joint  Dcfermatiotis  and  Strcaaes  of  Com¬ 
mercial  Vehicle  Frame  Under  Torsian 
H.J.  Beetmann 

Technical  Univ.  of  Braunschweig,  W. 
Germany 

Vehicle  Structures,  Inti.  Conf.  Institution  of 
Mech.E,  London,  Conf.  Pub.  1984-7, 
SAE-MEP  200,  pp  171-180,  8  figs,  1  table, 
10  refs 

KEY  WORDS;  Joint  stiffness,  Cargo  vehi¬ 
cles,  Nonlinear  theories 

The  flexibility  of  jointt  in  commercial 
vehicle  frames  is  shown;  this  it  considered 
in  frame  analysis.  Special  problems  arising 
in  stress  cidculation  ate  demonstrated. 
Nonlinear  behavior  it  essential  to  dynamic 
analysis. 


85-2528 

Steebaatte  Crack  Pcepagatsom  ia  Faatcncr 
Holca 

J.N.  Yang,  S.D.  Manning,  J.L.  Rudd,  W.H. 
Hsi 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Part  1,  pp  225-233,  15 
figs,  1  table,  26  refs 

KEY  WORDS:  Fasteners,  Fatigue  life.  Crack 
propagation 

A  simple  crack  growth  rate-bated  stochastic 
model  for  fatigue  crack  propagation  in 
fastener  holes  under  ^ectrum  loadings  it 
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investigated.  With  available  ftactographic 
data  in  the  vety  small  ctack  size  region, 
i.e.,  0.004  to  0.07  inches,  the  model  was 
demonstrated  to  be  vety  good.  Laboratory 
tests  were  conducted  using  wide  fastener 
hole  specimens  to  obtain  ftactographic  data 
covering  the  small  and  large  crack  size 
regions  in  both  laboratory  ait  and  a  corro¬ 
sive  environment. 


UNKAGES 


S3-2S29 

An  EzpcciBcntal  Ihvcstigatiasi  imo  the 
Dynaaaic  Bduvimit  of  Rcvolnte  loams  whh 
Vuying  Dcgzcca  of  Clcatancc 
R.S.  Haines 

NEI  Reytolle  Power  Switchgear,  Hebburn, 
Tyne  ft  Wear,  NE31  1  UP,  UK 
Mech.  Mach.  Iheoty,  2SL  (3),  pp  221-231 
(1985),  9  figs,  1  table,  18  refs 

KEY  WORDS;  Joints,  Linkages,  Clearance 
effects.  Experiments!  data 

Under  static  loads,  the  deflections  associ¬ 
ated  widt  contact  elasticity  in  a  dry  journal 
beating  wete  found  to  be  much  greater  and 
less  linear  than  predicted.  Under  a  suddenly 
reversed  uniazi^  load,  the  ait  film  was 
found  to  cause  a  dramatic  change  of 
behavior  at  reduced  clearances.  Under  a 
load  variation  representative  of  that  at  a 
linkage  mechanism  joint,  the  behavior  widi 
the  greatest  clearance  gave  some  support  to 
an  approximate  theory  published  by  the 
author. 


VALVES 


85-2930 

Hosm  and  ^tmioa  bdaced  by  llitmdiat 
•f  High  Ptcaaotc  Coaptcadblc  Fhrid  (Fast  1 
—  Ghacactcfialics  of  Naaac  and  ^^katian 
Gcnczaied  by  Cage-gnided  Comtol  Valve) 

R.  Okutsu,  E.  Outa,  S.  Kutamochi,  T. 
Machiyama 


Waseda  Univ.,  Okubo  3-4-1,  Shinjuku, 
Tokyo,  Japan 

Bull.  JSME,  21  (239),  pp  837-845  (May 
1985),  20  figs,  1  table,  16  refs 

KEY  WORDS:  Valves,  Fluid-induced  excita¬ 
tion 

Features  of  noise  and  vibration  generated 
by  a  cage-guided  control  valve  are  dis¬ 
cussed.  In  this  type  of  valve,  kinetic 
energy  of  the  throtded  jets  is  dissipated  by 
mutuU  collision  of  the  jets  themselves. 
The  pressure  reduction  process  is  made 
considerably  smooth,  and  the  noise  level 
becomes  lower  than  that  of  a  freely  ex¬ 
panding  jet. 


STRUCTURAL  COMPONENTS 


CABLES 


85-2531 

Kazman  Voitcz  Shedding,  Fticnd  m  Fae  of 
dm  SBncmtal  DynasaiciatY 

L.E.  Ericsson 

Lockheed  Missiles  ft  Space  Co.,  Inc., 
Sunnyvale,  CA 

Sttuctures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  238-250,  20 
figs,  26  refs 

KEY  WORDS:  Cables,  Vortex  shedding, 
Gauging 

An  analysis  including  the  coupling  between 
Karman  vortex  shedding  and  body  motion 
has  been  performed  for  rectangular  ctoss- 
sectioiu.  The  analysis  shows  how  the 
Karman  vortex  shedding  can  eliminate  the 
large  amplitude  response  for  the  so  called 
galloping  cable  over  large  reduced  velocity 
regions. 


8V2932 

Ihc  fhcaoacMsi  of  Damping  in  Sizandad 
Cabica 


I.  Pivovuov,  O.G.  Vinogradov 
Univ.  of  Calgary,  Calgary,  Alberta,  Canada 
Structurea,  Structural  Dynamici  aixi  Materi- 
ala  Conf.,  Proc.  of  26th,  held  April  lS-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCB/AHS,  Part  2,  pp  232-237,  4 
figs,  2  tablet,  6  reft 

KEY  WORDS:  Cables,  Damping  coeffi¬ 
cients,  Hytteretic  damping 

Hysteretic  loops  and  frequency  response 
curves  of  a  cantilever  cable  having  a 
concentrated  mass  at  the  free  end  are 
investigated  experimentally  and  modeled 
madiemadcally.  Experimental  observations 
show  that  hytteretic  loops  are  frequency 
and  amplitude  dependent.  To  describe 
different  damping  mechanisms  two  nonlinear 
madiemadcal  models  are  postulated:  the 
first  model  takes  into  account  the  nonlinear 
stiffness  and  viscous  and  Coulomb  type  of 
damping,  the  second  model,  in  addition  to 
viscous  damping,  includes  the  Davidenkov't 
description  of  a  hytteretic  loop  with  sharp 
edgea.  These  two  models  describe  hyster¬ 
etic  loops  widi  different  shapes. 


BEAMS 


stress,  ate  used  to  model  die  beam.  The 
analysis  is  bated  on  the  concept  of  a  wave 
as  a  carrier  of  discontinuities  in  the  field 
variables  and  their  derivatives. 


83-2534 

Optimal  Dcaiga  of  a  >^taliBg  Beam  widi 
Coupled  Beadinf  aad  Toratoa 

S.  Hanagud,  C.V.  Smith,  Jr.,  A.  Chattopad- 
hyay 

Georgia  Inst,  of  Technology,  Adanta,  GA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  1,  pp  780-792,  7 
figs,  24  reft 

KEY  WORDS:  Beams,  Coupled  response. 
Flexural  vibration.  Torsional  vibration. 
Fundamental  frequencies 

The  problem  of  maximixing  the  fundamen¬ 
tal  frequency  of  a  thin  walled  beam  widi 
coupled  bending  and  torsional  modes  is 
Studied.  An  optimality  criterion  approach  is 
used  to  locate  stationary  values  of  an 
appropriate  objective  function  sulqcct  to 
constraints.  Optimal  designs  widi  and 
without  coupling  ate  discussed. 


85-2533 

Impact  of  a  Preatreascd  Beam 

D.P.  Thambiratnam 

National  Univ.  of  Singapore,  Kent  Ridge, 
Singapore  0311 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  363-368,  3 
figs,  2  tables,  9  refs 

KEY  WORDS:  Beams,  Presttessed  struc¬ 
tures,  Transient  response.  Wavefront  expan¬ 
sion  mediod 

The  response  of  a  prestressed  beam  sub¬ 
jected  to  an  end  impact  is  treated  using  the 
mediod  of  wavefront  expansion.  The 
impact  can  be  prescribed  in  the  form  of 
stress,  strain,  velocity  or  acceleration 
boundary  conditions.  The  llmoshenko 
equatioiu,  modified  to  include  the  initial 


85-2535 

^^Brotiotm  of  a  Beam  and  a  Moving  Load 
vridi  Sprung  and  Uasprung  Maaaca 
M.  Yoshixawa,  T.  Takixawa,  Y.  Tsujioka 
Keio  Univ.  3-14-1  Hiyoshi,  Kohoku-ku, 
Ytdtohama,  Japan 

Bull.  JSME,  Zi  (239),  pp  911-918  (May 
1983),  10  figs  8  refs 

KEY  WORDS:  Beams,  Moving  loads 

Ihis  paper  deals  widi  the  vibration  of  a 
simple  beam  under  the  action  of  a  moving 
load,  the  two  masses  connected  widi  a 
linear  spring,  ft  is  shown  that  the  vibration 
of  diis  system  consists  of  two  modes,  each 
of  which  has  a  time-dependent  natural 
frequency.  Using  the  above  analytical 
result,  the  lateral  vibration  of  the  beam  and 
die  vertical  oscillation  of  the  sprung  mass 
are  shown  for  different  ratios  between  the 


•  8**  *  *  a  •  •  •  '•  ’j*"*  o^'i  •  a  ■  a  •  -  ’ _•*"_>**  *  J*  »  ^ 


'P'WV 'v 


natural  frequencies  of  die  moving  load  and 
the  beam. 


evaluating  the  elemental  stiffness  arrays  and 
the  temporal  integration  it  performed  by 
using  New  mark's  method.  Numerical  results 
ate  presented  to  demonstrate  the  effective¬ 
ness  of  the  finite  elements  developed. 


•5-2336 

Free  >^catiMW  of  Tluii-Walled  Ptctviatcd 
Beams  aadet  Axial  Loadanga  (lat  Rcpoct, 
Gouetaiag  Equations  of  Modoo) 

T.  Ttuiji 

Nagasaki  Univ.,  Nagasaki,  Japan 

Bull.  JSME,  21  (239),  pp  894-898  (May 

1983),  3  figs,  7  refs 

KEY  WORDS;  Beams,  Initial  deformation 
effects.  Coupled  response.  Torsional  vibra¬ 
tions,  Longitudinal  vibrations 

The  derivation  of  the  equations  governing 
the  response  of  a  thin-walled  pretwisted 
beam  under  axial  loadings  is  presented.  The 
equations  of  motion,  taking  into  account  the 
coupling  effects  of  torsional  and  longitudi¬ 
nal  vibrations  and  deformations  due  to  axial 
loading,  ate  derived.  Frequency  parameters 
of  the  coupled  torsional  and  longitudinal 
vibrations  for  pretwisted  cantilever  beams 
of  thin  rectangular  cross-section  are  ob¬ 
tained  under  axial  tensile  forces. 


•3-2337 

Fcnaltf  Fiait*  Elcacia  Madcla  f«t  Non- 
liacat  Dynamic  Analysis 
A.K.  Noor,  J.M.  Peters 
NASA  Langley  Res.  Ctr.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  369-378,  10 
figs,  2  tables,  18  refs 

KEY  WORDS:  Curved  beams.  Finite  ele¬ 
ment  technique 

A  simple  penalty  finite  element  formulation 
it  presented  for  the  large-rotation  dynamic 
anidytit  of  curved  beams.  Hie  analytical 
formulation  is  bated  on  a  form  of  Reist- 
ner's  large-deformation  theory  with  the 
effects  of  ttansvette  shear  deformation  and 
the  extenaiiility  of  the  centerline  con¬ 
strained  through  the  use  of  the  penalty 
method.  Reduced  integration  is  used  in 


•3-2338 

An  improued  Finite  Diffcrcacc  Analysis  of 
Itecoa^cd  ^^ratioos  of  Caatilevcccd 
Beams 

K.B.  Subrahmanyam,  A.W.  Leista 
Ohio  State  Univ.,  Columbus,  OH 
J.  Sound  Vib.,  2£.  (1),  pp  1-11  (Jan  8, 
1983),  3  tablet,  11  refs 

KEY  WORDS:  Cantilever  beams.  Natural 
frequencies.  Mode  shapes.  Finite  difference 
technique 

Natural  frequencies  and  mode  shapes  of 
uniform  cantilever  beams  ate  obtained  widi 
use  of  the  first  and  second  order  central 
difference  schemes.  It  it  observed  that  the 
improved  finite  difference  scheme  widi 
second  order  central  differences  produces 
die  natural  frequencies  and  characteristic 
functions,  with  a  rapid  convergence  as 
compared  to  the  conventional  approach  of 
using  the  first  order  central  deferences. 
The  present  approach  facilitates  a  direct 
determination  of  the  dynamic  characterittict 
of  beams  widiout  any  necessity  of  extrapo¬ 
lations  of  the  results  or  application  of 
iterative  procedures  for  improving  the 
accuracy. 
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•3-2339 

laapxct  of  ^hctical  Membciacs  PaituUy 
FiUed  widi  Watet  Bnd  Asx 
C.W.  Bert,  D.R.  Bert 
The  Univ.  of  Oklahoma,  Norman,  OK 
Structures,  Structural  Dynamica  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  apons.  AlAA/- 
ASME/ASCB/AHS,  Part  2,  pp  337-362,  4 
figa,  3  tablet,  10  reft 

KEY  WORDS:  Membranes,  Fluid-filled 
containers.  Impact  response 


Expetimental  teiultt  on  three  series  of 
impact  experiments  on  flexible  spherical 
membranes  (soccer  balls)  are  presented. 
Some  appropriate  simple  analyses  ate  also 
presented. 


PANELS 


SS-2S40 

Modal  Rcvonac  and  Noue  Ttansmisaion  of 
Compooitc  Panda 

F.W.  Grosveld,  V.L.  Metcalf 
Hie  Bionetics  Corp.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  lS-17, 
198$,  Orlando,  Florida,  spona.  AIAA/- 
ASME/ASCE/AHS,  Part  2.  pp  617-627,  1$ 
figs,  S  tables,  20  refs 

KEY  WORDS:  Panels,  Fiber  composites. 
Noise  transmission.  Modal  analysis 

Noise  transmission  through  flat,  rectangular, 
fiber  reinforced  composite  panels  has  been 
investigated  analytically  and  experimentally. 
Udlixing  modal  decomposition,  theoretical 
solutions  of  the  governing  differential 
equation  of  motion  were  obtained  for  a 
specially  orthotropic  composite  panel. 
Expetimental  modal  analysis  was  performed 
to  extract  die  modal  frequencies  and 
damping  of  several  composite  panels.  Hiese 
modal  parameters  then  were  used  to  predict 
the  field-incidence  transmission  loss. 


•S-2S41 

Hm  Mcasatcacai  of  Acosudc  Pnpcttsca  of 
Limitod  Sisc  Panda  by  Use  of  a  Paxamclric 
Samtcc 

V.F.  Humphrey 

Univ.  of  Bath,  Bath  BA2  7AY,  UK 
J.  Sound  \rib.,  2A  (1),  pp  67-81  (Jan  8, 
198$),  1$  figs,  16  refs 

KEY  WORDS:  Panels,  Submerged  structures. 
Acoustic  properties 

A  mediod  of  measuring  the  acoustic  proper¬ 
ties  of  limited  sixe  panels  immersed  in 


water,  widi  a  truncated  parametric  array 
used  as  the  acoustic  source,  is  described. 
The  insertion  loss  and  reflectitm  loss  of  thin 
metallic  panels,  typically  0-4$  m  square, 
were  measured  at  normal  incidence  by 
using  this  technique.  Results  were  obtained 
for  a  wide  range  of  frequencies  (10  to  100 
kHz)  and  were  found  to  be  in  good  agree¬ 
ment  with  the  theoretical  predictions  for 
plane  waves. 


PLATES 


SS-2S42 

Effects  of  Teansvetse  Sbearing  osi  Cylmdcir 
cd  Bcodiag,  ^^tatioti,  and  BncMing  of 
Losainated  PUtes 

M.  Stein,  D.C.  Jegley 

NASA  Langley  Research  Ctr.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  1$-17, 
198$,  Orlando,  FL,  spons.  AIAA/ASME/- 
ASCE/AHS,  Part  1,  pp  $0$-$l$,  10  figs,  11 
tefs 

KEY  WORDS:  Plates,  Beams,  Transverse 
shear  deformation  effects.  Layered  materi- 
ds 

Tbe  displacements  for  cylindricd  bending 
and  stretching  of  laminated  and  thick  plates 
are  expressed  tbrough-the-thickness  by  a  few 
dgebraic  terms  and  a  complete  set  of 
ttigonomettic  terms.  Only  a  few  terms  of 
this  series  are  needed  to  get  sufficiendy 
accurate  results  for  laminated  and  thick 
plates.  Equations  of  equilibrium  based  on  a 
sufficient  number  of  terms  of  this  seties 
for  displacements  ate  determined  using 
variational  theorems  from  thre e-dim ensiond 
dasticity. 


•V2943 

Opdmol  Dcosga  of  Stiffened  Loainated 
Coapoeke  Pleue  widi  Fte«ancy  Con- 

L.C.  Mesquite,  M.P.  Kamat 

Vitginia  Polytechnic  Inst,  and  State  Univ., 

Blacksburg,  VA 


Sttucturet,  Sttuctural  Dynamic*  and  Mateti- 
al*  Conf.,  Proc.  of  26th,  held  April  lS-17, 
1989,  Orlando,  Florida,  ipons.  AlAA/- 
ASME/ASCE/AHS,  Part  1,  pp  829-833,  2 
figa,  4  table*,  10  ref* 

KEY  WORDS:  Plate*,  Layered  material*. 
Fundamental  frequencie* 

The  audior*  conaider  the  problem  of 
maximization  of  the  fundamental  frequency 
of  a  atiffened  laminated  compoaite  plate  of 
a  given  configuration  aubject  to  an  upper 
bound  on  it*  total  weight,  and  to  the 
requirement  that  the  firat  few  frequencie* 
be  aeparated  from  the  firat  frequency  by 
preacribed  ratio*. 


89-2944 

The  Vibiatioa  Analyais  of  Caiboai  Fibre  - 
Glaae  Fibre  Saodwicb  Hyli^  Coapoeite 
Plates 

D.X.  Lin,  R.G.  Ni,  R.D.  Adam* 

Shaanxi  Inat.  of  Mechanical  Engrg.  Xian, 
China 

Structure*,  Sttuctural  Dynamic*  and  Materi¬ 
al*  Conf.,  Proc,  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  apon*.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  120-129,  1 
fig,  4  table*,  9  ref* 

KEY  WORDS:  Plate*,  Compoaite  material*. 
Finite  element  technique.  Damping  coeffi¬ 
cient* 

A  finite  element  technique  uaing  a  damped 
element  and  allowing  for  ahear  deformation 
i*  uaed  for  the  prediction  of  the  vibrational 
charactetiadc*  of  hybrid  catbon/glaa*  fi¬ 
ber-reinforced  plaatic*  compoaite  plate*. 
The  dieory  i*  briefly  preaented  and  aaaeaaed 
by  comparing  widi  experimental  teault*  on 
natural  frequencie*,  mode  ahape*  and 
damping  value*. 


89-2949 

Madn^lc  Mode  MoaliBCSZ  Dynamic  Analysis 
of  Compoaiu  Modcraecly  TUck  BUiplical 

Plates 

M.  Sathyamootthy 

Clarkson  Univ.,  Potsdam,  NY  13676 


Structures,  Structural  Dynamic*  and  Materi¬ 
al*  Conf.,  Proc.  of  26th,  held  April  19-17, 
1989,  Orlando,  Florida,  apon*.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  201-207,  4 
figs,  3  tables,  12  ref* 

KEY  WORDS:  Plates,  Flexural  vibration. 
Transverse  ahear  deformation  effects. 
Rotatory  inertia  effect* 

A  theoretical  investigation  of  large  ampli¬ 
tude  flexural  vibration  of  clamped,  moder¬ 
ately  diick  compoaite  elliptical  plate*  i* 
carried  out.  Von  Katman-type  field  equa¬ 
tion*  which  ate  given  in  term*  of  the  three 
displacement  component*  of  the  plate  ate 
uaed.  Included  in  these  field  equation*  are 
the  effect*  of  tranavetae  ahear  deformation 
and  rotatory  inertia  such  that  they  can 
readily  be  uaed  for  moderately  thick  plate* 
of  any  plate  geometry.  Solution*  to  these 
governing  equation*  ate  obtained  by  uaing  a 
multiple-mode  approach  and  employing 
Galetkin'a  method  and  the  numerical 
Runge-Kutta  procedure. 


89-2948 

Menag  Haxmaaac  Lead  on  a  Pteatsesaed 

Ibick  Snip  Plate 

S.  Chonan,  S.  Sugawata 

Tohoku  Univ.,  Sendai,  Japan 

].  Vib.,  Acouat.,  Stress,  Rel.  De*.,  Tran*. 

ASME,  JJIZ  (3),  PP  291-299  (July  1989),  7 

figs,  12  ref* 

KEY  WORDS:  Plates,  Moving  loads.  Har¬ 
monic  excitation.  Rotatory  inertia  effects, 
Tranavetae  ahear  deformation  effect* 

The  steady-state  response  of  an  initially 
stressed,  thick  strip  plate  subjected  to  a 
sinusoidally  oscillating  moving  line  load  is 
studied.  The  problem  is  studied  on  the 
basis  of  a  thick  plate  theory  which  takes 
into  account  the  effect  of  the  second-order 
increments  of  the  normal  strestet  at  well 
at  the  effect  of  rotatory  inettia  and  shear 
deformations.  Critical  speed  for  which  a 
resonance  effect  occurs  in  the  system  it 
obtained. 


89-2947 

Acio/HydtodyutUc  Stability  of  Blaadcally 
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Soppocted  Plates  in  Naxcow  Channelt  wilfi 
Upstseam  Baixiets  Ptevendng  Flow  Sedia- 
tribodon 
W.D.  Mark 

Bolt  Beranek  and  Newman,  Inc.,  Cam¬ 
bridge,  MA 

J.  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASME,  iftZ  (3),  pp  319-328  (July  19  85),  7 
figs,  22  refs 

KEY  WORDS;  Plates,  Elastic  supports.  Fluid 
induced  excitation 

The  dynamic  stability  of  an  elastically 
supported  finite  rigid  plate  centered  in  a 
straight  narrow  channel  widi  incompressible 
flow  on  both  sides  of  the  plate  and  an 
upstream  barrier  preventing  flow  redistri¬ 
bution  is  analyzed.  An  integral  equation 
for  the  pressure  in  a  narrow  channel  having 
arbitrary  small  time-dependent  boundary 
displacements  is  formulated  and  solved  for 
the  pressure  distribution  in  terms  of  the 
boundary  motion.  The  resulting  expression 
for  the  time-dependent  pressure  distribution 
is  combined  with  the  plate  differential 
equations  of  motion  to  yield  the  homogene¬ 
ous  equations  of  motion  of  the  plate-fluid 
autonomous  system. 


Free  ^ratsoa  of  Polaz-Ottfiotropic  Sector 
Plates  Reatiiig  oo  Poiot  Stvportt 
Y.  Narita 

Hokkaido  Inst,  of  Technology,  Sapporo 
061-24,  Japan 

J,  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASME,  lllZ  (3),  pp  3  34-338  (July  19  85),  5 
figs,  3  tables,  16  refs 

KEY  WORDS;  Plates,  Ritz  method 

An  accurate  Ritz  solution  for  the  free 
vibration  of  point-supported  annular  sector 
plates  of  polar  orthotropy  is  presented.  A 
double  power  series  function  is  used  to 
represent  deflection  of  the  plate,  with 
Lagrange  multipliers  to  impose  the  con¬ 
straint  conditions.  To  establish  accuracy  of 
the  approach,  the  frequency  parameters  of 
sector  plate  widi  some  supporting  points 
distributed  along  the  boundary  are  compared 
to  those  of  a  uniformly  simply  supported 
plate. 


S5-2S49 

Free  Vibration  of  Stiffened  RectanguUt 
Platea  Using  Green's  Fonctiaiu  and  Integral 
Rgoatioitt 

J.W.  Nicholson 

Univ.  of  Illinois,  Urbana-Champaign,  IL 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  184-191,  8 
figs,  1  table,  16  refs 

KEY  WORDS;  Rectangular  plates.  Green 
function,  Fredholm  equation.  Natural  fre¬ 
quencies,  Mode  shines 

A  new  method  for  the  free  vibration  analy¬ 
sis  of  stiffened  rectangular  plates  based  on 
the  use  of  Green's  functions  and  the  solu¬ 
tion  of  a  system  of  Fredholm  integral 
equations  of  the  second  kind  is  demon¬ 
strated.  The  lateral  forces  of  constraint 
and  the  twisting  moments  of  constraint 
between  the  plate  and  be  am -stiffeners  is 
accounted  for.  For  plates  widi  simply 
supported  edges  perpendicular  to  the  stif¬ 
feners  the  integral  equations  are  solved 
exactly  to  yield  the  characteristic  equations 
for  die  natural  frequencies. 


>9-2550 

Fimu  Blcmcat  Nonlinear  Focced  ^Qbration 
Anolyoio  of  SyaBcttically  Laminated 
Compooite  Bectangnlar  Platea 

Chub  Mei,  C.K.  Chiang 
Old  Dominion  Univ.,  Norfolk,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  208-218,  3 
figs,  5  tables,  18  refs 

KEY  WORDS;  Rectangular  plates,  Layered 
materials.  Forced  vibration.  Finite  element 
technique 

A  finite  element  formulation  is  presented 
for  determining  the  large  amplitude,steady- 
state,  forced  vibrational  response  of 
symmetrically  laminated  composite  rectan¬ 
gular  thin  plates.  Nonlinear  stiffness  and 
harmonic  force  matrices  of  a  rectangular 
symmetrically  laminated  composite  plate 
elcmett  are  developed  for  nonlinear  forced 
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vibration  analysu.  Ii^lane  deformation  and 
inertia  ate  bodi  included  in  the  formulation* 
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Lincat  and  Nonlincac  ^^catiaaa  Caoacd  bf 
Petiodic  lapobea 

E.  Suhii 

ATST  Bell  Labs.,  Muriay  Hill,  NJ 

I  Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 

1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCB/AHS,  Part  2,  pp  224-231,  3 
figs,  10  refs 

I  KEY  WORDS:  Rectangular  plates.  Transient 

vibrations.  Periodic  vibrations.  Period  exci¬ 
tation 

Linear  and  nonlinear  steady-state  and  tran¬ 
sient  vibrations  caused  by  petiodic  impulses 
are  discussed.  Deterministic  and  probabilis- 

itic  approaches  are  examined,  and  the  case 
of  the  dynamic  response  of  an  elongated 
rectangular  plate  is  used  to  illustrate  the 
,  two  techniques. 


n-zm 

llte  Natnral  Frcqpcncics  of  In-Planc 
SbtCMcd  Scctangtdax  Plates 

S.  Ilanko,  S.C.  Tillman 

Univ.  of  Manchester,  Manchester,  UK 

J.  Sound  Vib.,  ii.  (1),  pp  23-34  (Jan  8, 

1983),  7  figs,  4  tables,  17  refs 

KEY  WORDS:  Rectangular  plates.  Natural 
frequencies.  Finite  difference  technique. 
Computer  programs 

Ihe  stress  distributions  in  some  practical 
in-plane  loaded  plates  have  been  obtained 
either  directly  via  strain  gauges  or  indi¬ 
rectly  from  the  measurement  of  transverse 
deflections  or  initial  imperfection  profiles. 
These  stress  distributions  have  been  incor¬ 
porated  into  a  purpose-written  finite  differ¬ 
ence  computer  program  set  up  to  evaluate 
the  natural  frequencies  of  the  plates.  A 
comparison  has  been  made  between  these 
frequencies  and  those  measured  directly  in 
die  laboratory. 


<3-2532 

Aoalfsis  of  Vibratiiig  Oidiotropic  Rcctangts- 
lax  Plates  by  a  Modified  Rayleigh-Rits 
Mediod 

P.A.A.  Laura,  J.P.  Viazzi 

Inst,  of  Applied  Mechanics,  Puerto  Belgtano 

Naval  Base,  8111  Argentina 

Ocean  Engrg.,  12.  (1),  pp  17-24  (1983),  4 

figs,  2  tables,  4  refs 

KEY  WORDS:  Rectangular  plates,  Ortho- 
tropism,  Rayleigh-Ritz  method 

The  title  problem  is  solved  in  the  cate 
where  the  plate  is  clamped  along  two 
adjacent  edges  while  the  remaining  are 
free.  A  matt  is  rigidly  anached  to  the 
plate.  The  value  of  the  fundamental  fre¬ 
quency  coefficient  is  conveniendy  mini¬ 
mized  by  means  of  Schmidt's  approach. 
The  mediodology  presented  herewith  can  be 
extended  widiout  formal  difficuhiet  to  other 
vibrating  systems. 


<3-2334 

Fttite  VUmeat  Method  foe  Nonlineae  Forced 
Vibrationa  of  Citcalaz  Plates 

K.  Decha-Umphai 
Old  Dominion  Univ.,  Norfolk,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  192-200,  9 
figs,  4  tablet,  13  refs 

KEY  WORDS:  Circular  plates.  Finite  ele¬ 
ment  technique.  Nonlinear  theories 

Geometric  nonlinearities  for  large  amplitude 
free  and  forced  vibrations  of  circular  plates 
are  investigated.  Inplane  displacement  and 
inertia  ate  included  in  the  formation.  The 
finite  element  method  is  used.  Harmonic 
force  matrix  for  nonlinear  forced  vibration 
analysis  it  introduced  and  derived.  Various 
out-of-plane  and  inplane  boundary  conditions 
are  considered.  The  relations  of  amplitude 
-  frequency  ratio  for  different  boundary 
conditions  and  various  loads  conditions  arc 
presented. 
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Ezpcsiacntal  Study  of  Ftcc  ^^tation  of 
Cucnlac  Plate*  vidi  a  Sttaigfae  Eccentric 
Nanow  Slit 

K.  Maruyama,  O.  Ichinomiya 

Hokkaido  Inat.  of  Technology,  Hokkaido, 

061-24,  Japan 

Bull.  JSME,  Z£  (239),  pp  890-893  (May 
1989),  3  figs,  1  table,  2  tefs 

KEY  WORDS;  Circular  plates.  Mode  shapes. 
Flexural  vibrations.  Natural  frequency. 
Discontinuity-containing  media 

The  real  time  technique  of  time  averaged 


R.S.  Srinivasan,  B.J.C.  Babu 

FRP  Ret.  Ctr.,  Indian  Inst,  of  Technology, 

Madras  600  0  36,  India 

J.  Sound  Vib.,  14  (1),  pp  43-53  (Jan  8, 
1985)  2  figs,  3  tables,  11  tefs 

KEY  WORDS:  Cantilevered  plates.  Flutter 

The  tide  problem  it  solved  by  using  a 
numerical  method  involving  an  integral 
equation  technique  and  a  normal  mode 
method.  Linear  plate  theory  has  been  used 
for  computing  the  strain  and  kinetic  energy 
energy  of  the  plate.  Piston  theory  hat  been 
used  to  describe  the  aerodynamic  pressure 


holographic  interferometry  hat  been  applied 
to  determine  the  natural  frequencies,  and 
the  corresponding  mode  shapes  for  the 
transverse  vibrations  of  clamped  circular 
plates  with  a  straight  eccentric  narrow  slit. 
Eccentricity  and  length  of  the  slit  have 
been  selected  as  parameters,  while  width  of 
the  slit  has  been  kept  constant.  The  first 
six  natural  modes  arae  discussed. 


distribution  Numerical  work  has  been  done 
and  convergence  of  the  solution  has  been 
studied. 
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•9-2996 

On  Sqncexc  Film  of  a  Cntvcd  Cixcnlax 
Plate 

E.  Hasegawa 

Keio  Univ.,  Yokriiama  223,  Japan 

Bull.  JSME,  44  (239),  pp  951-958  (May 

1985),  6  figs,  6  tefs 

KEY  WORDS:  Curved  plates,  Squeexe-film 
dampers 

The  problem  of  a  squeexe  film  between  a 
curved  circular  plate  and  a  plane  wall  it 
studied  dieotetically.  The  shape  of  the 
curved  circular  plate  is  assumed  to  be 
axisym  metric;  that  is,  to  be  expressed  by  a 
function  of  only  the  radius  coordinate.  A 
perturbation  solution  is  found  in  powers  of 
ratio  of  the  gap  to  the  radius.  The  equa¬ 
tion  governing  the  gap  it  derived  for  a 
curved  disk  widi  any  shape.  The  properties 
of  the  squeexe  film  are  clarified  through 
the  forge-gap  relation,  the  critical  external 
force,  the  inertia  effect  and  the  pressure 
distribution. 


•9-299B 

Abroach  to  latcriot  Maaac  Caoatol  Part  IL 
Sclf-Soppottiiig  Damped  tatcrioc  Shell 

C.L  Holmer 

Cabot  Cotp.,  Indianapolis,  IN 

J.  Aircraft,  21  («),  PP  729-733  (Aug  1985)  4 

figs,  6  reft 

KEY  WORDS:  Shells,  Noise  reduction. 
Structure  borne  noise.  Interior  noise.  Air¬ 
craft  noise 

A  companion  paper  present  theoretical  and 
experimental  data  identifying  the  signifi¬ 
cance  of  panel  critical  frequency  and  struc¬ 
tural  damping  in  controlling  trim  panel 
dynamic  response  from  excitation  at  attach¬ 
ment  points.  This  paper  explores  a  logical 
extension  to  the  trim  panel  system.  The 
•hell  presents  several  desirable  nonacousdc 
properties  that  may  offer  design  or  con- 
sttuaion  economies.  Of  concern  here  is 
die  design  considerations  that  can  turn 
potential  acoustic  problems  into  significant 
advantages. 
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•9-2957 

Flattci  Analyaia  of  CaatflcTCted  Qoadiilat- 
ctal  Plates 


•9-2999 

llitcc  Dimcnaianal  Nonlineac  Dynamic 
Finite  Blemeat  Analysis  fox  Ae  Response  of 
a  TUd  Laminated  Shell  to  Impact  Loads 
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R^.  McCarty,  D.E.  Ttudan,  A.D.  Davia 
Air  Force  Wright  Aeronautical  Labs., 
Wright-Patterson  Ait  Force  Base,  OH 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  lS-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  341-356,  26 
figs,  2  tables,  30  refs 

KEY  WORDS:  Shells,  Layered  materials. 
Impact  response.  Aircraft  windows.  Bird 
impact 

The  response  of  the  T-38  aircraft  student 
windshield  structural  assembly  to  bird 
impact  loading  is  simulated  using  the 
MAGNA  (materially  and  geometrically 
nonlinear  analysis)  thtee-dimensionsl  non¬ 
linear  finite  element  analysis  system.  User 
subroutines  are  used  to  couple  the  mathe¬ 
matical  definition  of  the  bird  impact  pres¬ 
sures  to  the  computed  response  of  the 
aircraft  windshield  assembly.  These  pres¬ 
sures  are  applied  to  the  faces  of  finite 
elements  lying  within  the  bird  impact  foot¬ 
print  on  the  surface  of  the  windshield.  The 
analysis  problem  is  characterized  by  severe 
material  and  geometric  nonlinearides  as 
well  as  significant  fluid/solid  interaction 
(load/tesponse  coupling). 


85-2560 

Ihc  Effect  of  Soocce  Locetsoa  on  the 
Sinictncal-Acoiistic  btecaction  of  an  firfitiie* 
Elaatsc  Shell 
J.J.  Kelly,  C.R.  FuUer 
Old  Dominion  Univ.,  Norfolk,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  609-616,  14 
figs,  7  refs 

KEY  WORDS:  Shells,  Acoustic  response 

The  response  of  an  infinite  elastic  shell  to 
simple  acoustic  sources  (monopole  and 
dipole)  is  investigated.  This  simplified 
model  is  considered  in  order  to  gain  insight 
into  the  characteristics  of  aircraft  interior 
noise.  The  shell  represents  the  aircraft 
fuselage  and  the  sources  ate  due  to  the 
propellor.  The  location  of  the  source  widi 
respect  to  the  cylinder  and  how  this  affects 


acoustic  line  power,  intensity  flow  into  the 
shell  and  internal  sound  pressure  is  ana- 
ly  zed. 


85-2561 

Kcaposisc  of  Double  Wall  Compoeite  Shdla 

R.  Vaicaids,  D.A.  Bofilios 
Columbia  Univ.,  New  York,  NY 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  110-119,  12 
figs,  18  refs 

KEY  WORDS:  Cylindrical  shells.  Layered 
materials,  Viscoelasdc  core-containing 
materials.  Natural  frequencies.  Power  spec¬ 
tral  densides 

An  analydeal  study  of  double  wall  laminate 
cylindrical  shell  response  to  random  loads 
is  presented.  A  soft  viscoelasdc  core  widt 
dilatational  modes  included  is  used.  The 
dieory  of  laminate  shells  is  simplified  by 
assumptions  similar  to  those  in  the  Don- 
nell-Mushtari  development  for  isotropic 
shells.  Modal  solutions  of  simply  supported 
shells  are  obtained.  Modal  frequencies  and 
deflecdon  response  spectral  densides  are 
determined. 


PIPES  AND  TUBES 


8V2562 

Wave  Fotcca  osi  Lazgc  OffsliMc  Pipelines 

N.J.  Shankar,  H.  Raman,  V.  Sundar 
National  Univ.  of  Singapore,  Kent  Ridge, 
Singapore 

Ocean  Engrg.,  U.  (2),  pp  99-115  (1985),  11 
figs,  14  refs 

KEY  WORDS:  Pipelines,  Offshore  struc¬ 
tures,  Wave  forces.  Experimental  data 

A  laboratory  investigation  of  wave  forces 
induced  by  a  tegular  train  of  waves  on  a 
large  p^eline  retting  on  a  bed  and  at 
various  clearances  from  the  bed  it  pre¬ 
sented.  A  simple  unseparated  flow  model 


based  on  potential  flow  theory  and  Mori- 
son's  equation  is  presented  for  evaluating 
the  mazimum  forces  on  the  pipeline.  The 
experimental  results  are  compared  widi  the 
theoretical  results  and  data  from  existing 
literature. 


Various  models  describing  outdoor  sound 
propagation  over  wedge  barriers  and  three- 
sided  barriers  are  described.  The  theoreti¬ 
cal  results  are  compared  widi  measured 
data  for  sound  propagation  over  grass-cov¬ 
eted  earth  berms  from  a  lound^eaker 
source.  Calculated  and  measured  results 
for  a  toad  traffic  noise  situation  involving 
an  earth  berm  ate  also  presented. 


DYNAMIC  ENVIRONMENT 


ACOUSTIC  BXCrrATION 


8W963 

An  bnegtal  Equadoo  Mcdiod  fot  Predicting 
Acoustic  Bmissian  widiin  Bnclosnxes 
D.T.L  Francis,  M.M.  Sadek 
City  of  Birmingham  Polytechnic 
IMechE,  Ptoc.,  Ul  (C2),  pp  133-U7  (1985), 
2  figs,  10  refs 

KEY  WORDS:  Noise  generation.  Acoustic 
emission.  Enclosures,  Prediction  techniques 

A  method  is  presented  for  calculating  the 
acoustic  emission  of  a  vibrating  body  widiin 
an  enclosure  whose  surface  has  known 
absorption  characteristics.  It  is  based  on  a 
numerical  solution  of  the  Helmholtz  integral 
equation.  Solutions  ate  given  for  the  case 
of  a  pulsating  sphere  within  a  sphere,  and 
good  agreement  with  the  exact  analytical 
solution  is  repotted.  The  method  is  of 
value  for  small  and  medium  scale  problems 
at  lower  frequencies  where  traditional 
techniques  are  less  reliable. 


•5-2564 

On  die  Effect  of  Tenain  Profile  on  Soond 


•5-2565 

Review  of  Reseuch  on  Stznctntebone 
Noise 

R.  Vaicaids,  J.S.  Mixson 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
19  85,  Orlando,  FL,  spons.  AIAA/ASME/- 
ASCE/AHS,  Part  2,  pp  587-601,  16  figs, 
150  refs 

KEY  WORDS:  Stzuctutal-botne  noise.  Air¬ 
craft  noise 

Public adons  on  the  topic  of  structure-borne 
noise  are  reviewed.  Recent  accomplish¬ 
ments,  including  representadve  tesuks,  ate 
presented  for  aircraft,  tototcraft,  space 
structures,  automodve  vehicles,  ship  and 
building  technology.  Special  attendon  it 
given  to  propeller-driven  aircraft. 


•5-2566 

Tlicocy  and  Practice  in  Bdiaost  Sjtum 
Design 

L.J.  Eriksson,  P.T.  Thawani 
Nelson  Industries,  Inc. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Ptoc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automodve  Engineers, 
Warrendale,  PA,  pp  25  7-266,  10  figs,  20 
reft 


Propagation  Ontdoors 
K.B.  Rasmussen 

Danish  Acousdeal  Inst.,  Technical  Univ.  of 
Denmark,  Lyngby,  Denmark 
J.  Sound  Vib.,  (D.  PP  35-44  (Jan  8, 
1985)  13  figs,  21  refs 

KEY  WORDS;  Sound  waves.  Wave  propaga¬ 
tion,  Noise  barriers 


KEY  WORDS:  Exhaust  systems.  Mufflers 

A  number  of  theoretical  tesuks  related  to 
exhaust  systems  is  presented  and  some  of 
dieir  practical  implic adons  fot  design  ate 
discussed.  A  brief  review  it  included  of 
exhaust  system  theory  at  well  as  experi¬ 
mental  retukt  obtained  on  actual  units. 
The  connection  between  theory  and  practice 
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it  then  analyzed  for  reactive  effects,  resis¬ 
tive  effecu,  and  engine  interactions.  The 
emphasis  throughout  the  paper  is  on  the  use 
of  dieory  to  guide  practical  design. 
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A  Systematic  Approach  to  die  Aiialytis  of 
Brake  Netse 

H.W.  Schwartz,  W.D.  Hays,  Jr.,  J.H.  Tatter 
Allied  Automotive 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engineers, 
Wattendale,  PA,  pp  267-275,  5  figs,  4  refs 

KEY  WORDS;  Brakes,  Noise  generation. 
Noise  reduction 

A  systematic  approach  to  the  control  of 
disc  brake  noise  is  suggested.  Test  methods 
are  described,  based  on  the  use  of  modern 
techniques,  along  with  approaches  to  the 
design  of  quiet  brakes  which  consider  not 
only  friction  materisl,  bta  also  friction  pad 
assembly  and  other  components. 


On  du  Long  Range  Propagation  of  Sound 
Orcr  Irregular  Terrain 
M.S.  Howe 

Bolt  Beranek  and  Newman  Inc.,  Cambridge, 
MA 

J.  Sound  Vib.,  M  (D,  pp  83-94  (Jan  8, 
1985)  3  figs,  34  refs 

KEY  WORDS:  Sound  waves.  Wave  propaga¬ 
tion,  Surface  roughness 

The  theory  of  sound  propagation  over 
randomly  irregular,  normally  plane  terrain 
of  finite  impedance  is  discussed.  The 
analysis  is  an  eztension  of  the  theory  of 
coherent  scatter  originally  proposed  by  Biot 
for  an  irregular  rigid  surface.  It  combines 
Biot's  ^iproach,  wherein  the  surface  irregu- 
larides  are  modeled  by  a  homogeneous 
distribution  of  hemispherical  bosses,  with 
more  conventions!  analysis  in  which  the 
ground  is  modeled  as  a  smooth  plane  of 
finite  impedance. 
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Diffcacdon  Sound  Field  by  a  Citcnlaz 
Apcttntc  in  die  Sutface  of  a  Rcctangnlaz 
Bncloantc 

K.  Nishida,  A.  Maruyama 

Muroran  Inst,  of  Tech.,  Muroran,  Hokkaido, 

Japan 

BuU.  JSME,  (239),  pp  931-936  (May 
1985)  4  figs,  6  refs 

KEY  WORDS;  Sound  waves.  Wave  diffrac¬ 
tion 

The  diffraction  sound  field  generated  by  a 
circular  aperture  in  the  surface  of  a  rec¬ 
tangular  enclosure  containing  a  sound  source 
inside  is  theoretically  and  experimentally 
investigated.  The  applicability  of  Pierce's 
approzimate  solution  of  sound  diffraction  by 
a  three-sided  semi-infinite  wall  to  finite 
three  dimensional  bodies  is  examined.  The 
properties  of  diffraction  sound  field  around 
the  enclosure  are  obtained  through  sound 
visualization  method. 


25-2570 

The  Pcrfocmancc  of  Jet  Noaac  Snppteaaion 
Devices  for  Indnsizial  Applicatusu 

M.D.  Dahl,  O.H.  McDaniel 
NASA  Lewis  Res.  Ctr.,  Cleveland,  OH 
].  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASME,  1112  (3),  pp  303-309  (July  1985)  6 
figs,  15  refs 

KEY  WORDS:  Jet  noise.  Noise  reduction. 
Exhaust  noise.  Silencers 

Commercially  available  jet  noise  suppression 
devices  were  tested  to  determine  their  noise 
reducing  characteristics  compared  to  an 
open  p^e.  Both  exhaust  silencert  and 
ejector  nozzles  were  measured  for  sound 
power  level  and  mass  flow  rate.  In  addi¬ 
tion  for  ejector  nozzles,  the  added  noise 
from  a  jet  impinging  on  a  flat  plate  was 
measured. 


SHOCK  EXCITATION 
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Slwck  Aaaociarcd  N«iac  of  Invcttcd-Pcofilc 
Coanswilar  Jett,  Patt  I:  Bzpcciacata 


H.K.  Taima,  W.H.  Brown,  C.K.W.  Tam 
Lockheed-Geotgia  Co.,  Marietta,  GA  3  0063 
J.  Sound  Vib.,  2i  (1),  pp  95-113  (Jan  8, 
1985),  12  figs,  2  tablet,  17  refs 

KEY  WORDS:  Shock  waves.  Noise  genera¬ 
tion 

The  reduction  of  shock-associated  noise  in 
inverted-velocity-profile  coannular  jets  is 
quantified  and  explained.  Extensive  optical 
and  acoustic  measurements  for  a  suitable 
range  of  outer  and  inner  stream  pressure 
ratio  combinations  ate  conducted.  The 
measured  noise  retuhs  ate  interpreted  widi 
the  aid  of  new  theoretical  models. 


•S-2572 

Shock  Aaaeciated  Noaac  of  hiTened-Ptofilc 
Coanaalax  Jets.  Past  IL  Cotididoa  foe 
Msmmoaa  Noise 

C.K.W.  Tam,  H.K.  Tanna 
Lockheed-Geotgia  Co.,  Marietta,  GA  30063 
J.  Sound  Vib,,  M  (1),  pp  115-125  (Jan  8, 
1985),  4  figs,  1  table,  10  refs 

KEY  WORDS:  Shock  waves.  Noise  genera¬ 
tion 

An  experimental  and  theoretical  investigati¬ 
on  of  shock-associated  noise  of  inverted- 
profile  coannular  jets  is  described.  For  a 
fixed  fan-stream  Mach  number,  it  is  ob¬ 
served  diat  the  shock-associated  noise  often 
drops  suddenly  to  a  minimum  as  the  reser¬ 
voir  pressure  of  the  primary  jet  increases. 
When  this  happens,  the  almost  periodic 
shock  cell  structure  of  the  fan  stream  it 
found  to  neatly  completely  disappear. 


The  basic  objective  of  ihe  work  described 
ia  to  obtain  an  understanding  of  the  charac- 
teriatics  of  shock  associated  noise  from 
inverted-profile  coannular  jets  in  terms  of 
the  properties  of  the  shock  cell  structure 
and  the  jet  flow.  To  achieve  this,  a  first- 
order  shock-cell  model  is  developed.  Based 
on  the  concept  that  shock-ataociated  noise 
is  generated  by  the  weak  interaction  be¬ 
tween  the  large-acale  turbulent  structures  in 
die  mixing  layers  of  the  jet  and  the  repeti¬ 
tive  shock-cell  system,  formulae  for  the 
peak  frequencies  as  well  as  noise  intensity 
scaling  ate  derived. 


VIBRATION  EXClTATiON 
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Use  Dccoaspodtiaai  Mcdand  in  SMchaadc 
Stmctntal  Dynamica 
H.  Benaroya,  M.  Rehak 
Weidlinget  Associates,  New  York,  NY 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  26^281,  56 
figs,  13  refs 

KEY  WORDS:  Random  vibrations.  Frequency 
domain  method 

Linear,  random  differential  equations  ate 
studied  widi  the  purpose  of  understanding 
die  effects  of  parameter  uncertainties  on 
die  random  vibration  of  structures.  A 
single  degree-of-fteedom  oscillator  widi 
random  (stationaty)  stiffness  and  input,  and 
widi  deterministic,  constant  matt  and 
damping  ia  considered. 


•5-2572 

Shock  Associated  Noise  of  laretted-Ptofile 
Cosonolac  Jets,  Pact  ID:  Shock  Stroctace 
sad  Noise  Characteristics 
C.K.W.  Tam,  H.K.  Tama 
Lockheed-Geotgia  Co.,  Marietta,  GA 
J.  Sound  Vib.,  £&  (1),  pp  127-145  (Jan  8, 
1985),  8  figs,  1  table,  9  refs 

KEY  WORDS:  Shock  waves.  Noise  genera¬ 
tion 
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An  iutative  Procedore  foe  Noaliacat  FlMtar 
AMlysis 

C.L.  Lee 

Texas  Instruments  Inc,,  Lewisville,  TX 
Structures,  Structural  Dynamica  and  Materi- 
alt  Conf.,  Proc.  of  26^,  held  April  15-17, 
1985,  Orlando,  Florida,  spona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  290-297,  13 
figs,  5  tablet,  21  refs 


KEY  WORDS:  Flutter,  Iteration,  Frequency 
domain  mediod 

An  iterative  procedure  in  the  frequency 
domain  ia  presented  for  flutter  analysis  of 
large  dynamic  systems  with  mult^le  struc¬ 
tural  nonlinearities.  The  major  components 
of  the  procedure  are  the  describing  fimction 
approach  for  system  linearization,  a  struc¬ 
tural  dynamics  modification  method  for 
shifting  system  mode  shapes  and  frequen¬ 
cies,  and  a  complex  eigenvalue  algorithm 
for  solution  of  the  flutter  equation.  The 
purpose  of  the  procedure  is  to  achieve 
alignment  of  the  oscillator  amplitude  in 
each  nonlinear  spring  with  the  describing 
function  of  stiffness  before  computing  the 
final  stability  characteristics.  The  result  is 
a  system  tuned  to  the  flutter  frequency  at 
the  time  of  instability. 
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Ttanaicot  Aetodynamic  Chazacteriadcs  of  a 
Two-Pisa  caaional  Aizfoil  Doting  Sttpwiac 
bcidcnce  Vaciatioii 
Y.  Aihara,  H.  Koyama,  A.  Murashige 
University  of  Tokyo,  Tokyo,  Japan 
J.  Aircraft,  2Z  (9),  pp  661-668  (Aug  1985) 
13  figs,  16  refs 

KEY  WORDS:  Airfoils,  Aerodynamic  Qiar- 
acterisdcs 

The  transient  aetodynamic  characteristics  of 
a  two-dimensional  low-speed  airfoil  whose 
angle  of  attack  is  varied  impulsively  are 
discussed.  The  study  is  mainly  an  experi¬ 
mental  one  widi  observations  made  of  the 
diree  dynamic  loads,  the  static  pressure 
distribution,  and  flow  on  the  airfoil  surface, 
following  the  airfoil  motion.  The  changes 
in  the  characteristics  and  their  aerodynamic 
causes  ate  investigated  in  terms  of  the 
ultimate  angle  of  attack  and  the  rise  of 
time. 


hernia  Effects  on  Transonic  Aizfoil  Stabil¬ 
ity  and  Response 

H.M.  Berry,  J.T.  Batina,  T.Y.  Yang 
Purdue  University,  West  Lafayette,  IN 


Sauctures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26tn,  held  April  15-17, 
1985  Orlando,  FL,  Spons.  AIAA/ASME/- 
ASCE/AHS,  Part  2,  pp  10-22,  13  figs,  4 
tables,  20  refs 

KEY  WORDS:  Airfoils,  Aerodynamics  loads. 
Stability,  Viscosity  effects.  Flutter 

Viscous  effects  on  transonic  airfoil  stability 
and  response  are  investigated  using  an 
integral  boundary  layer  model  coupled  to 
die  inviscid  XTRAN2L  transonic  airloads 
required  for  stability  analysis  including 
viscous  effects.  Unsteady  transonic  airloads 
required  for  stability  analysis  ate  computed 
using  a  pulse  transfer-function  analysis 
including  viscous  effects.  The  pulse  analy¬ 
sis  provides  unsteady  aetodynamic  forces 
for  a  wide  range  of  reduced  frequency  in  a 
single  flowfield  computation.  Nonlinear 
time-matching  aetoelastic  solutions  ate 
presented  which  show  the  effects  of  viscos¬ 
ity  on  airfoil  response  behavior  and  flutter. 


MECHANICAL  PROPERTIES 


DAMPING 
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Unconatzaiaed  Laycz  Damping  and  die  Use 
of  Modified  PVA  aa  a  High  Efficiency 
Lightweight  Matezial 

D.W.  Tomkins 

Gerard  Thomas  Co.,  Inc. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engineers, 
Wattendale,  PA,  pp  53-59,  7  figs 

KEY  WORDS:  Layered  damping.  Visco¬ 
elastic  properties.  Automobiles 

A  lightweight  polymeric  visco-elastic  sheet 
material  hu  been  developed  which  exhibits 
excellent  vibration  damping  performance 
when  used  as  an  unconsttain^  layer  on 
sheet  metal  panels.  Geiger  plate  decay 
cates  of  26  dB/sec  and  have  been  meas- 


urcd.  Hie  sheet  i<  flexible,  non-toxic,  and 
meets  automotive  and  building  flammabilitjr 
specifications. 


tote  Modes  and  a  Hctaaitun  Spatem  R^ic- 
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Dual  Clcataiice  Sqnecxc  Film  Dampnig  tot 
High  Load  Condhiosia 

D.P.  Fleming 

Lewis  Res.  Cti.,  Cleveland,  OH 
J.  Tribology,  Trans.  ASME,  107  (2),  pp 
274-279  (Apr  19  85)  8  figs,  9  refs 

KEY  WORDS:  Squeeze  film  dampers 

Squeeze  film  dampers  are  widely  used  to 
control  vibrations  in  aircraft  turbine  engines 
and  odier  rotating  machinery.  However,  if 
shaft  unbalance  rises  appreciably  above  the 
design  value  (e.g.,  due  to  turbine  blade 
loss),  a  conventional  squeeze  film  will  be 
overloaded,  and  will  no  longer  be  effective 
in  controlling  vibration  amplitudes  and 
beating  forces. 
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Forced  Vibration  of  a  Dasapcd  Combiiicd 
Lincat  Syatea 

L.A.  Bergman,  J.V.  Nicholson 
Univ.  of  Illinois,  Utbana-Champaign,  IL 
J.  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASME,  Ifll  (3),  pp  27V281  (July  1985)  8 
figs,  4  tables,  14  refs 

KEY  WORDS:  Damped  structures.  Linear 
systems.  Forced  vibration 

A  new  and  general  method  for  determining 
the  exact  undamped  natural  frequencies  and 
natural  modes  of  vibration,  the  orthogonality 
relation  for  the  natural  modes,  and  the 
response  to  arbitrary  excitation  for  both 
damped  and  undamped  combined  linear 
systems,  is  given.  The  method,  based  upon 
Green's  functions  of  the  vibrating  distributed 
subsystems,  is  demonstrated  for  a  muh^lic- 
ity  of  linear  oscillators  connected  to  a 
simple  beam. 
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Dasaphig  Syndicais  Utiiig  Coaaplez  Sabatrac- 


aentataoo 

J.-G.  Beliveau,  Y.  Soucy 

Universite  de  Sherbrooke,  Sherbrooke 

(Quebec)  Canada 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando  FL,  spons.  AIAA/ASME/- 
ASCE/AHS,  Part  2,  pp  581-586,  1  fig,  4 
tablet,  12  reft 

KEY  WORDS:  Modal  damping.  Modal  syn¬ 
thesis,  Mode  shapes.  Natural  frequencies 

Modal  synthesis  techniques  have  long  been 
used  to  evaluate  the  natural  frequencies  and 
mode  shapes  of  systems  for  which  modal 
characteristics  of  the  various  components 
have  been  determined,  either  experimentally 
or  numerically.  Litde  attention  has,  been 
given  in  the  prediction  of  damping  levels  of 
die  total  structure  from  damping  information 
obtained  experimentally,  usually  in  the  form 
of  modal  damping  ratios  and  complex  or 
real  mode  shapes.  The  purpose  of  this  note 
is  to  present  such  a  method,  to  demonstrate 
its  use  on  a  simple  example,  and  to  discuss 
two  numerical  aspects  related  to  its  numeri¬ 
cal  implementation. 
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An  Upper  HcMcabetg  Spaxcc  Matrix  Algo- 
tiduB  foe  Modal  Idcadficatiaa  ob  Minicom- 
poteta 

S.R.  Ibrahim 

Old  Domimon  University,  Norfolk,  Virginia 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  FL,  Spons.  AIAA/ASME/- 
ASCE/AHS,  Part  2,  pp  664-672,  2  tables,  44 
refs 

KEY  WORDS:  Modal  analysis.  Time  domain 
method.  Damping  coefficients 

The  time  domain  identification  problem  it 
reduced  to  an  eigenvalue  problem  of  a 
sparse  i^pet  Hetsenberg  matrix.  Such  a 
matrix  has  only  a  number  of  elements 
equal  to  its  order  (one  column);  subdiagonal 
elements  of  unity  and  all  the  odiet  remain¬ 
ing  elements  are  zeros. 
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Elccttooic  Dsaping  Tcchniqact  and  Active 
^tatUB  Coated 

S.  Hanagud,  M.W.  Obal,  M.  Meyyappa 
Georgia  Institute  of  Technology,  Atlanta,  GA 
Sttuctutet,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando  FL,  Spons.  AIAA/ASME/- 
ASCE/AHS,  Part  2,  pp  443-453,  6  figs,  8 
tables,  18  refs 

KEY  WORDS:  Active  vibration  control. 
Damping  effects 

A  theory  has  been  developed  to  quantita¬ 
tively  identify  changes  in  a  damping  matrix 
of  structural  dynamic  system  when  elec¬ 
tronic  damping  is  applied  to  the  system. 
Electronic  damping  experiments  were 
conducted  on  a  cantilever  beam  under 
impact  excitation  conditions.  Piezoceramic 
transducers  were  used  as  both  sensors  and 
rivers  with  a  velocity  feedback.  Hie  mats, 
stiffness  and  damping  matrices  of  the  canti¬ 
lever  beam  before  and  after  application  of 
the  electronic  damping  were  identified  by  a 
parameter  identification  technique  that  is 
capable  of  considering  general  linear  vis¬ 
cous  damping  matrices. 


FATIGUE 
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Effect  of  Load  Vaziadoa  oa  Surface  Data-' 
bOity  of  Notmalixed  Steel  KoUet 

S.  Oda,  T.  Koide,  J.  Ando 
Tottori  lAiiv.,  Koyama-cho,  Tottori,  Japan 
Bull.  JSME,  (239),  pp  964-970  (May 

1985)  19  figs,  12  refs 

KEY  WORDS:  Mechanical  components. 

Steel,  Compaction  equipment 

The  characteristics  of  surface  durability  of 
an  S45C  normalized  steel  toller  under 
two-step  loading  conditions  ate  discussed  on 
the  basis  of  Miner's  rule. 
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A  CosaUned  Method  foe  Dazsage  Toletaace 
Aoalyaia 


A.S.  Kuo,  J.L.  Rudd 

Fairchild  Republic  Co.,  Fatmingdale,  NY 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  FL,  Spons.  AIAA/ASME/- 
ASME/ASCE/AHS,  Part  1,  pp  41-52,  12 
figs,  6  tables,  15  refs 

KEY  WORDS:  Fatigue  life.  Crack  propaga¬ 
tion,  Computet  programs 

A  combined  crack  growth  and  initiation 
method  was  developed  to  improve  the 
predictive  accuracy  of  damage  tolerance 
analysis.  The  continuing  damage  at  a 
location  adjacent  to  the  primary  damage  it 
realistically  treated  with  fatigue  crack  ini¬ 
tiation  analysis  in  lieu  of  the  assumed 
continuing  damage  size  and  location  as 
stipulated  in  military  specification  MIL-A 
83444. 
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Cooialativc  Dazsage  and  Fatigae  Life  Pte- 
diciiaa 

T.V.  Kutt,  M.P.  Bieniek 
Columbia  University,  New  York,  NY 
Sttuctutet,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26tb,  held  April  15-17, 
1985,  Orlando,  FL,  Spons.  AIAA/ASME/- 
ASCE/AHS,  Part  1,  pp  53-61,  7  figs,  23 
refs 

KEY  WORDS:  Fatigue  life,  Crack  propaga¬ 
tion,  Damage  prediction,  Metals, 

A  cumulative  damage  rule  it  proposed  for 
fatigue  of  metals  under  variable  tttest- 
amplittide  loading.  Hie  rule  is  nonlinear 
and  takes  into  account  the  sequence  of 
stress  levels;  i.e.,  high-to-low  or  low-tO'^igh 
changes  of  tttett  amplitudes.  To  facilitate 
probabilistic  estimates  of  safety  of  struc¬ 
tural  elements  subjected  to  fatigue  loading, 
a  stochastic  model  of  fatigue  damage  id 
developed.  Hie  mean  value  and  the  vari¬ 
ance  of  the  fatigue  life  of  an  element  ate 
determined  in  terms  of  the  statistics  of  the 
material  ptopettiet  and  of  the  load  parame¬ 
ters. 


EXPERIMENTATION 


MBASUBBMENT  AND  ANALYSE 
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Bffccts  of  StEactwal  Modes  on  ^^tatoey 
Force  Detecainsttoo  bf  die  Pseudo  bvecse 
Tedmiqae 

J.A.  Fsbunmi 

Univ.  of  Mstyland,  College  Perk,  MD 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Cold.,  Proc.  of  26th,  held  April  lS-17, 
198S,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  5  73-580,  5 
figs,  3  tables,  13  refs 

KEY  WORDS:  Force  prediction.  Mode 
shapes.  Modal  analysis.  Linear  theories. 
Beams 

The  accuracy  and  effectiveness  of  the 
pseudo  inverse  technique  as  a  means  of 
determining  the  operating  vibratory  loads  on 
a  structural  system  can  be  severely  under¬ 
mined,  by  lack  of  proper  consideration  of 
the  participation  of  the  structural  modes  at 
the  frequency  of  interest.  Methods  of 
linear  algebra  and  modal  analysis  are  used 
to  establish  die  limitations  of  diis  technique 
widi  regards  to  the  number  of  independent 
forces  determinable  at  a  given  frequency, 
in  relation  to  the  number  and  significance 
of  structural  modes  pardcipating  in  the 
response  at  that  frequency. 
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Digital  Dau  Aoalyaia  Tccbaiqvca  Inc  Bz- 
ttactiMi  of  Sloah  Model  Paiamctcta 

J.F.  Unruh,  D.D.  Kana,  F.T.  Dodge,  T.A. 
Fey 

Southwest  Res.  Inst.,  San  Antonio,  TX 
Structures,  Sttucturid  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  682-690,  7 
figs,  2  tables,  5  refs 

KEY  WORDS:  Modal  analysis.  Sloshing 

Modern  digital  acquisition  and  modal  analy¬ 
sis  procedures  are  applied  to  the  slosh 


model  parameter  extraction  problem  widi 
considerable  success.  After  ^ptopriate 
data  conditioning  to  remove  the  task  rigid 
mats  and  liquid  rigid  matt  from  the  spec¬ 
tral  data,  the  slosh  peaks  are  circle  fit  to 
obtain  estimates  of  the  pendulum's  mattes, 
damping,  and  pivot  atm  locations. 


•5-2529 

BzpcfimcBtal  SulMtnctiiie  Coopling  wadi 
Rotatioiul  Coupling  Cootdinatca 

Yung-Tseng  Chung,  R.R.  Craig,  Jr. 

Bell  Helicopter,  Textron,  Inc.,  Fort  Wortii, 
TX 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  484-489,  6 
figs,  2  tablet,  8  reft 

KEY  WORDS:  Modal  analysis.  Rotational 
mode  shapes.  Spline  technique,  Substtuctur- 
ing  method 

A  substructure  coupling  method  bated  on 
experimentally  measured  data,  including 
rotational  coupling  coordinates,  is  presented. 
Ihe  required  rotational  ditplacemenu  at 
die  interface  are  determine  from  die 
measured  translational  mode  shapes  by 
cubic  spline  interpolation.  Simulation  ttu<^ 
shows  that  rotational  mode  shapes  can  be 
predicted  accurately  by  die  cubic  spline 
interpolation  using  fewer  translational  fre¬ 
quency  response  function  measurements  than 
would  be  required  by  the  finite  difference 
method. 


•5-2590 

Using  Bzpctiacnsal  Modal  Madding  Tcch- 
ntqpcs  to  bvesligate  Slocting  Colnmn  Vibca- 
tism  and  Uc  Shrtr  of  a  Paaaenget  Cat 

S.L.  Chiang 
Ford  Motor  Co. 

Surface  Vehicle  Noise  and  >^bration  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engineers, 
Warrendale,  PA,  pp  309-327 

KEY  WORDS;  Experimental  modal  analysis. 
Automobile  steering  columns 


An  experimental  modal  model  of  an  early 
prototype  cat  was  constructed  and  validated 
against  test  results.  The  model  was  then 
used  to  suggest  practical  hardware  modifi¬ 
cation  alternatives  which  would  shift  the 
steering  column  resonant  frequency  away 
from  idle  range,  and  maintain  a  low  steer¬ 
ing  column  t^  vibration  within  the  600-7S0 
RPM  idle  range.  This  model  was  also  used 
to  evaluate  the  effectiveness  of  tuning 
radiator  mounts  to  the  overall  vehicle  idle 
quality. 


SW991 

Using  Modal  Analysit,  Modeling  and  Ana¬ 
lytical  Modificatiotu  to  Aid  in  the  Develop¬ 
ment  of  Avtomecive  Siractnxea 

D.  Hauersperger 
Structural/Kinem  atic  s 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  lS-17,  198$. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  303-307,  4  figs,  4  refs 

KEY  WORDS:  Modal  analysis.  Motor  vehi¬ 
cles 

Modal  Analysis  has  been  advanced  to  the 
point  where  it  can  enable  the  user  to  select 
an  optimum  set  of  modifications  that  solve 
a  problem  analytically.  There  are  three 
phases  to  an  analysis  of  this  type.  The 
test  parameters  must  be  determined,  the 
measurements  must  be  taken,  and  the 
modal  model  (parameter  estimation)  is 
created.  The  concerns,  techniques,  require¬ 
ments,  and  assumptions  often  forgotten  when 
using  modal  analysis  to  generate  a  model 
of  a  structure,  ate  addressed. 


$9-2992 

CoapoocaK  Mode  Syodica*  foe  Siractwes 
vidi  General  Sdffnm,  Damping  and  Maaa 
Matcicea 
K.  Kubomura 

Beloit  Manhattan  Inc.,  Clarks  Summit,  PA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26^,  held  April  1$-17, 
198$,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  337-340,  3 
refs 


KEY  WORDS;  Component  mode  synthesis. 
Stiffness  coefficients.  Damping  coefficients. 
Mass  matrices 

The  component  mode  synthesis  method  for 
substructures  widi  general  rectangular  forms 
of  damping,  stiffness  and  mass  matrices  is 
developed.  For  the  development  of  reduc¬ 
tion  transformation  equations,  three  aspects 
are  discussed:  the  use  of  substructure 
modes  of  any  frequency  range;  three  dif¬ 
ferent  types  of  modes  (free-free,  cantilever 
and  hybrid);  the  use  of  first  and  second 
order  approximations.  In  this  paper  the 
reduction  transformation  equations  for  the 
use  of  lower  frequency  complex  free-free 
and  cantilever  modes  are  presented. 


$9-2993 

Dcvclepmcat  of  an  FM  Multiplexed  Teleme- 
txy  System  for  Obtaining  Dynamic  Data  ftom 
Cheating  Tank  Track 
C.W.  Rodman,  H.C.  Meacham 
Battelle- Columbus  Labs. 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  1$-17,  19  8$. 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  7-11,  $  figs 

KEY  WORDS:  Data  recorders.  Measurement 
techniques.  Tracked  vehicles.  Tacks  (combat 
vehicles) 

A  system  using  FM  multiplexed  radio 
telemetry  was  developed  and  built  to  pro¬ 
vide  a  data  lick  between  operating  tank 
track  and  the  tank  hull.  Field  tests  of  the 
system  showed  that  attention  to  details  of 
the  design  of  the  antenna  and  battery  system 
were  successful  in  avoiding  analytical 
problems. 


•9-2994 

Obtaiaiog  Data  to  Dctctmiiic  die  Bffeedve- 
ncaa  of  Naaac  Coimrola 

R.J.  Goff,  T.M.  Lloyd 

Safety  and  Health  Technology  Ctt. 

Surface  Vehicle  Noise  and  Mbtadoo  Conf. 
Proc.,  Traverse  City,  MI,  May  1$-17,  198$, 
Spons.  Soc.  of  Automotive  Engineers, 
Warrendale,  PA,  pp  13-18,  8  figs,  1  table 


KEY  WORDS;  Data  lecoidets,  Noise  mea- 
sutcmeot,  Mining  equipment 

In  developing  retrofit  noise  controls  for 
mobile  mining  equipment,  it  is  critical  to 
document  tfaeir  effectiveness.  Hie  tech¬ 
niques  used  in  gathering  and  analyzing  data 
ate  described  and  a  specific  example  is 
presented. 


•3-2393 

A  Coacvtfcnz  Ptocesdsig  Implemcntatioii  fot 
Sttvctntal  Vibtatiaa  Analpaia 

S.W.  Bostic,  R.E.  Fulton 
NASA  Langley  Res.  Ctr.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi- 
ala  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  366-3  72,  11 
figs,  2  tables,  7  refs 

KEY  WORDS:  Data  processing.  Natural 
frequencies.  Mode  shapes 

A  report  on  an  investigation  of  a  concur¬ 
rent  processing  implementation  of  the  in- 
verae  power  method  for  obtaining  vibration 
frequencies  and  mode  shapes  is  presented, 
and  iu  increase  in  computation  speed  rela¬ 
tive  to  sequential  computet  implementation 
is  assessed.  Results  ate  obtained  fot  vibra¬ 
tion  test  problems  run  on  an  eight-processor 
experimental  computer. 


•3-239< 

Optimizuriosi  of  an  BlcctcoBcdiamcal  Signal 
F3tcs  bjr  Mcaiu  of  HologtapUc  btecfcc- 
oaictcy  (Optisaicnnig  dnca  clektsoasccha- 
niachCT  Si^alfiltaia  aittela  hologt^hiaclicz 
Ittccfctonictiic) 

P.  Valenta,  E.  Schneider 
Max-Planck-Institut  fur  Metallfotschung, 
Stuttgart,  Fed.  Rep.  Germany 
Feinwerktech.  u.  Messtech.,  21  (2),  pp  67-69 
(Mat  1983),  3  figs,  4  refs  (In  German) 

KEY  WORDS:  Holographic  techniques. 
Vibration  measurement.  Optimization, 
Meatutement  techniques 

The  use  of  vibration  holography  enables  the 
amplitude  distribution  on  the  surface  of  a 


vibrating  object  to  be  tendered  direcdy 
viaible  and  measured.  From  this  ate  derived 
numerous  applications  that  can  be  utilized 
for  industrial  purposes.  Vibration  hologra¬ 
phy  is  used  for  recording  the  forms  of 
natural  vibration  in  components  widi  com¬ 
plex  geometry  fot  optimization  of  compo¬ 
nents  from  vibration  engineering  aspects  or 
for  locating  material  fauhs.  A  report  it 
given  on  the  optimization  of  an  electrome¬ 
chanical  signal  filter  from  vibration  engi¬ 
neering  aspects. 


DYNAMIC  TESTS 


•3-2397 

New  Acooatic  Teat  Facilities  of  BMW 

R.  Eilker,  N.  Hetzum,  W.  Keiner,  A.  Ulrich 
BMW  AG 

Surface  Vehicle  Noise  and  Vibration  Conf. 
Proc.,  Traverse  City,  MI,  May  13-17,  1983. 
Spons.  Soc.  of  Automotive  Engineers, 
Watrendale,  PA,  pp  283-292,  11  figs,  1  ref 

KEY  WORDS:  Test  facilities.  Automobiles, 
Motorcycles 

New  test  standards  for  noise  measurements 
on  passenger  cars  and  motorcycles  are 
introduced.  Information  is  given  on  room 
conditions,  machinery  equipment,  sound 
levels,  frequency  ranges  and  types  of 
measurement.  Reporu  on  initial  experience 
with  these  test  facilities  ace  presented. 


•3-2399 

BspUcatoty  Flottec  Teat  in  a  CtTOgcnic 
Wnd  Ttansicl 
S.R.  Cole 

NASA  Langley  Res.  Ctr.,  Hampton,  VA 
23663 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  13-17, 
1983,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Pact  2,  pp  426-434,  17 
figs,  2  tables,  9  refs 

KEY  WORDS:  Flutter,  Wind-tunnel  testing, 
Aircraft  wings 


An  experimental  study  to  explore  die  feasi¬ 
bility  of  conducting  flutter  tests  in  cryogen¬ 
ic  wind  tunnels  was  conducted.  The  model 
used  consisted  of  a  rigid  wing  widi  an 
integral,  flexible  beam  support  that  was 
cantilever  mounted  from  the  tunnel  wall. 


83-2999 

Multimode  Insubility  Ptediction  Medmd 

K.E.  Kadmka 

Rockwell  International,  El  Segundo,  CA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  lS-17, 
19  85,  Orlando,  Florida,  spona.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  435-442,  19 
figs,  8  refs 

KEY  WORDS:  Flutter,  Prediction  techniques 

The  2:im merman  -  Weissenburger  method 
for  prediction  of  flutter  onset  speed  based 
on  flight  testing  at  subcritic al  speeds  has 
been  applied  exclusively  to  a  combination 
of  two  vibration  modes.  This  process  may 
therefore  ignore  a  great  deal  of  important 
information  contained  in  other  modes  and 
their  combinations.  An  extension  of  this 
method  to  incorporate  mote  modes  using 
standard  stability  criteria  it  presented. 


DIAGMOSnCS 


89-2600 

DUgnons  and  Pcognoaia  of  Tncbomachtneeir 
^Abcationa 

H.  Ming  Chen,  S.B.  Malanoski 
Mechanical  Technology,  Inc.,  Latham,  NY 
Rev.  Tec.  Ing.,  Univ.  Zulia,  Vol.  6,  Edicion 
Especial,  pp  111-131  (1983),  20  figs,  2 
tables,  22  refs 

KEY  WORDS;  Diagnostic  techniques.  Turbo¬ 
machinery 

A  discussion  on  rotating  equipment  vibration 
problems  -  their  occurrence,  diagnosis  by 
anslytical  and  experimental  methods,  and  a 
look  to  the  future  in  this  area,  is  pre¬ 
sented. 


89-2601 

BnOding  an  Expett  System  to  Diagnoac 
Naiac  in  Automotive  Engine  Cooling  Sya- 
tema 

S.E.  Dourson,  ].D.  Joyce 
General  Motors  Corp.,  Kettering,  OH 
Surface  Vehicle  Noise  and  Vib.  Conf. 
Proc.,  Traverse  City,  MI,  May  15-17,  1985. 
Spons.  Society  of  Automotive  Engineers, 
Warrendale,  PA,  pp  19-26,  6  refs 

KEY  WORDS:  Diagnostic  techniques. 
Computer  programs.  Noise  source  identifi¬ 
cation,  Engine  noise.  Cooling  systems 

The  experiences  of  building  a  computer 
consultant  to  diagnose  sources  of  noise  in 
engine  cooling  systems  ate  described.  The 
emphasis  is  on  identifying  appropriate 
parameters  and  writing  rules  to  codify  the 
knowledge. 


MONTTORIMG 


89-2602 

Monttoting  the  Status  of  a  Mcdunical  Cable 
WUc  in  Opctatioo  by  Means  of  die  Acous¬ 
tic  Emiasson  Mcdwd 

P.A.A.  Laura,  J.R.  Matthews 

Inst,  of  Applied  Mechanics,  Puerto  Belgrano 

Naval  Base,  8111  Argentina 

Ocean  Engrg.,  JJ.  (3),  pp  211-219  (1985),  5 

figs,  6  refs 

KEY  WORDS;  Monitoring  techniques.  Acous¬ 
tic  emission.  Cables 

A  brief  review  of  research  into  failure 
mechanisms  of  various  cables  and  the 
acoustic  emission  signature  of  the  various 
Cables  under  simulated  loading  it  presented. 
The  development  of  a  specific  operational 
monitor  for  a  towed  cable  system  is  given. 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 


85-2<(03 

A  Finite  Elcacnt  Method  fee  Sindietia  of 
Aconadcal  Shape* 

R.J.  Bernhard 

Ray  W.  Herrick  Labs.,  Purdue  Univ.,  West 
Lafayette,  IN 

J.  Sound  Vib.,  £&  (1),  pp  53-6S  (Jan  8, 
1985),  4  figs,  4  tables,  8  refs 

KEY  WORDS:  Finite  element  technique. 
Optimization,  Design  techniques.  Geometric 
effects.  Acoustic  properties 

Classical  finite  element  procedures  are  not 
well  suited  to  the  development  of  optimal 
acoustical  shapes.  Typical  procedures 
require  a  complete  analysis  of  each  candi¬ 
date  acoustical  geometry  in  the  search  for 
an  optimal  shape.  A  method  it  presented 
for  decomposing  the  original  finite  element 
matrices  which  may  be  multq>lied  by  shape 
change  parameters  to  develop  a  model  of 
the  revised  geometry.  The  method  is  alto 
used  to  synthesize  the  geometry  required 
for  desired  acoustical  behavior  of  a  compli¬ 
cated  coupled  cavity  system. 


•9-2<04 

Vibration  Analyn*  by  Sobstnctuc  Syndicai* 
Mcdaod  (Part  4,  CalcuUdon  of  Rcaidnal 
Cotapliancc  Matria) 

M.  Ookuma,  A.  Nagamatsu 
Tokyo  Inst,  of  Technology,  Tokyo,  Japan 
Bull.  JSME,  (239),  pp  905-910  (May 
1985),  1  table,  5  refs 

KEY  WORDS:  Substructuring  methods. 
Structural  synthesis 

A  mediod  is  proposed  for  accurately  calcu¬ 
lating  the  residual  compliance  matrix  of 
structures  widi  free-free  boundary  condi¬ 
tion.  Algoridims  of  the  usual  method  and 
the  mediod  proposed  by  the  authors  as  well 
as  Hansteen  are  given  and  numerical 
examples  of  a  simple  case  are  shown. 


•S-2M5 

On  the  Oscillstncy  InstabOsty  of  MnUple- 
Pazametet  Systems 

A.S.  Atadan,  K.  Huseyin 

Univ.  of  Waterloo,  Waterloo,  (Ontario, 

Canada 

Ind.  J.  Engrg.  Sci.,  2i  (8),  PP  857-873 
(1985),  5  figs,  30  refs 

KEY  WORDS:  Stability,  Balancing  tech¬ 
niques 

The  postcritical  oscillatory  behavior  of  an 
autonomous  discrete  system  under  the  influ¬ 
ence  of  two  independent  parameters  is 
studied.  Three  distinct  situations  ate  identi¬ 
fied  and  explored  via  the  intrinsic  harmonic 
balancing  technique.  The  asymptotic  equa¬ 
tions  of  the  behavior  surface  in  parame¬ 
ter-amplitude  space  are  derived  ezplicidy. 


S5-2<0« 

Smplc  Apptoximsnts  for  Complex  Lincer 
Sjmtems 

J.L.  Bogdanoff,  F.  Kozin 
Purdue  Univ.,  West  Lafayette,  IN 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26di,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  218-223,  2 
figs,  8  refs 

KEY  WORDS:  Approximation  methods 

A  method  it  described  for  constructing  a 
sequence  of  approximate  systems  of  in- 
creating  complexity  that  can  be  employed 
to  estimate  the  response  of  a  complex 
linear  system.  Detailt  of  the  method  arc 
sketched,  and  an  example  it  briefly  de¬ 
scribed. 


•S-2M7 

Time  Series  Apptoximelieii  of  Unsteady 
Acrodyxmmics  TnchnHng  Pole  Locadans  a* 
Free  Parameters 

L.D.  Peterson,  B.F.  Crawley 
Massaebusettt  Inst,  of  Technology,  Cam¬ 
bridge,  MA 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  28tfa,  held  April  15-17, 


76 


198$,  Orlando,  Florida,  sponi.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  2Sl-2$7,  8 
figa,  2  tablea,  11  refs 

KEY  WORDS:  Approximation  methods. 
Aerodynamic  loads.  Time  series  analysis 
medtod 

An  algorithm  has  been  developed  to  find 
exponential  time  series  approximations  to 
unsteady  aerodynamic  data  at  discrete 
frequencies  using  a  least  squares  fit.  The 
method  differs  from  previous  methods  in 
that  the  pole  locations  of  the  exponential 
series  approximation  are  explicidy  included 
in  the  search,  and  that  the  fit  simultane¬ 
ously  minimizes  the  error  in  both  the  real 
and  imaginary  parts  of  the  approximation. 
A  Newton-Raphson  search  algoridim  is  used 
to  find  the  minimum  of  the  weighted  square 
error  in  the  parameter  ^tace  of  the  ap¬ 
proximation  while  constraining  the  poles  to 
be  in  the  left  half  plane. 


8S-2«08 

Ob  the  Idcadfictlioo  of  Sclf-AdjoiiB  Disezib- 
oted  Sfstcais  Using  Modal  Fiken 
H.  Baruh,  L.M.  Silvetbetg 
Rutgers  Univ.,  New  Brunswick,  N[ 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conr.,  Proc.  of  26th,  held  April  1$-17, 
198$,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  673-681,  9 
figs,  3  tables,  1$  refs 

KEY  WORDS:  Continuous  parameter  meth¬ 
od,  Modal  filters.  Parameter  identification 
techniques 

A  method  is  presented  for  the  identification 
of  external  excitations  acting  on  distrib¬ 
uted-parameter  systems  and,  for  certain 
cases,  the  parameters  contained  in  the 
equations  of  motion  of  the  distributed  sys¬ 
tem.  By  extracting  the  modal  coordinates 
from  the  system  output,  and  using  these 
modal  coordinates  to  identify  the  modal 
excitations  acting  on  a  number  of  modes, 
the  actual  external  disturbances  are  synthe¬ 
sized.  The  effects  of  factors  such  as 
measurement  noise  and  interpolation  error 
are  analyzed. 


gS-2609 

Systematic  Approach  for  BigeasensitiTity 
AJulyais 

Shyi-Yaung  Chen,  Fu-Shang  Wei 
Kaman  Aerospace  Corp.,  Bloomfield,  CT 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  1$-17, 
198$,  Orlando,  Florida,  spons.  AlAA/- 
ASME/ASCE/AHS,  Part  2,  pp  178-183,  10 
reft 

KEY  WORDS:  Eigenvalue  problems.  Stabil¬ 
ity,  Flutter,  System  identification  techniques 

Bated  on  the  matrix  decomposition  and 
generalized  inverse  technique,  a  method  for 
die  determination  of  the  sensitivity  of  the 
eigenvalues  and  eigenvectors  of  nth  order 
eigensystem,  with  respect  to  system  design 
parameters,  hat  been  developed.  This 
method  requites  knowledge  of  only  one 
eigenvalue  and  its  associated  right  and  left 
eigenvectors  which,  together  with  informa¬ 
tion  from  the  matrix  column  and  null 
space,  will  lead  to  the  eigenvalue  and 
eigenvector  derivative  of  a  physical  prob¬ 
lem,  such  as  stability  analysis,  fltttter 
analysis,  and  system  identification.  Two 
different  approaches  and  numerical  proce¬ 
dures  are  utilized. 


SS-2610 

Ob  dsc  DexigB  DctiTtfiTca  of  BigcBvolaca 
aad  BigcBTcctocs  foe  DiatzsbBicd  Parameter 
Syatema 

R.  Reiss 

Howard  Univ.,  Washington,  D.C. 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  1$-17, 
198$,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  173-177,  9 
refs 

KEY  WORDS:  Eigenvalue  problems.  Con¬ 
tinuous  parameter  method 

Analytic  expressions  are  obtained  for  the 
design  derivatives  of  eigenvalues  and  eigen¬ 
functions  of  self-adjoint  linear  distributed 
parameter  system.  Explicit  treatment  of 
boundary  conditions  is  avoided  by  casting 
die  eigenvalue  equation  into  integral  form. 
Results  are  expressed  in  terms  of  the  linear 
operators  defining  the  eigenvalue  problem. 
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and  ate  dteiefote  quite  general.  Sufficiency 
conditions  apptopiiate  to  structural  optimi¬ 
zation  of  eigenvalues  ate  obtained. 
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Hie  h-Vcttson  and  p-Vcttioo  of  die  Finite 
Element  Mediod  and  the  Incliiaiasi  Pdnciple 

L.  Meirovitch,  J.K.  Bennighof 

Virginia  Polytechnic  Inst,  and  State  Univ., 

Blacksburg,  VA 

Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Ptoc.  of  26th,  held  April  13-17, 
1985,  Orlando,  Florida,  apons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  691-698,  5 
figs,  14  refs 

KEY  WORDS:  Eigenvalue  problems.  Finite 
element  technique 

In  the  classical  Rayleigh-Ritz  method, 
improvement  in  the  computed  eigenvalues 
can  be  obtained  by  increasing  the  number 
of  terms  in  the  series  expansion.  The 
matrices  defining  the  discrete  eigenvalue 
problem  possess  the  embedding  property,  in 
the  sense  that  the  matrix  A  corresponding 
to  n  1  terms  is  obtained  from  the  matrix 
B  corresponding  to  n  terms  by  adding  one 
row  and  the  corresponding  column.  The 
computed  eigenvalues  satisfy  the  inclusion 
princ^le,  which  states  that  the  eigenvalues 
of  A  bracket  the  eigenvalues  of  B.  This 
paper  examines  how  the  inclusion  principle 
relates  to  various  elements  and  refinement 
strategies  in  the  finite  element  method. 


MODEUNG  TECHMQUES 
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The  Finite  Element  Modeling  of  die  Ftee 
Vibtatian  of  a  Read/Wdte  Head  Floppy  Diak 
Syatem 

J.K.  Good,  R.L.  Lowery 
Oklahoma  State  Univ.,  Stillwater,  OK 
J.  Vib.,  Acoust.,  Stress  Rel.  Des.,  Trans. 
ASME,  JJIZ  (3),  PP  329-333  (July  1985),  14 
figs,  11  refs 

KEY  WORDS:  Computer  storage  devices, 
Vibration  control.  Design  techniques.  Finite 
element  techniques 


The  configuration  of  read/write  head  de¬ 
signs  in  floppy  disk  drive  units  is  of  impor¬ 
tance  as  some  designs  witness  vibration 
phenomena  which  lead  to  signal  loss  and 
excessive  wearing  of  the  diak  media.  This 
paper  presents  finite  element  modeling,  and 
results  of  a  read/write  head  floppy  disk 
system  in  ftee  vibration.  The  objective  of 
this  work  is  to  determine  the  design  pa¬ 
rameters  of  read/write  head  support  struc¬ 
ture  which  will  reduce  vibration 
phenomena. 


PARAMETER  IDENTIFICATION 


SS-2613 

idcs«ifying  Apptnzimatc  Lineax  Models  foe 
Simple  Nenlinesc  Syatema 

L.C.  Horta,  Jet-Nan  Juang 
NASA  Langley  Res.  Ctt.,  Hampton,  VA 
Structures,  Structural  Dynamics  and  Materi¬ 
als  Conf.,  Ptoc.  of  26th,  held  April  15-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  282-289,  6 
figs,  2  tablet,  8  reft 

KEY  WORDS;  Parameter  identification 
technique 

The  identification  of  approximate  linear 
models  from  response  data  for  certain 
nonlinear  dynamic  systems  it  addressed. 
Retpoiue  characterittict  for  several  typical 
nonlinear  joints  are  analyzed  mathematically 
and  represented  by  series  expansions.  The 
parameters  of  the  series  expansion  are  then 
compared  with  the  modal  parameters  of  a 
linear  model  identified  by  the  Eigensystem 
realization  algorithm. 


DESIGN  TECHNIQUES 
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Dynamic  Candcnaattao  foe  Smctozal  Redc¬ 
ap 

Ki-Ook  Kim 

Automated  Analysis  Corp.,  Ann  Arbor,  MI 


GENERAL  TOPICS 


Stzucturei,  Sttuctutal  Dynamics  and  Materi¬ 
als  Conf.,  Proc.  of  26th,  held  April  lS-17, 
1985,  Orlando,  Florida,  spons.  AIAA/- 
ASME/ASCE/AHS,  Part  2,  pp  379-383,  4 
figs,  6  tables,  6  refs 

KEY  WORDS:  Design  techniques.  Dynamic 
condensation  method.  Structural  modification 
techniques.  Natural  frequency.  Mode  shapes 

A  structural  redesign  method  using  dynamic 
condensation  is  presented  for  frequency  and 
mode  shape  changes  of  undamped  structural 
systems.  The  equilibrium  equation  of  the 
perturbed  system  includes  nonlinear  pertur¬ 
bations  from  a  baseline  design  which  ate 
solved  in  an  iterative  procedure.  The 
physical  degrees  of  freedom  ate  divided 
into  master  and  slave  sets.  The  method  is 
simple  and  effective. 


COMPUTER  PROGRAMS 


89-2619 

Softwate  System  for  Fstigae  Life  Celcnls- 
tioo 

M.  Hanke,  B.  Kutz 

Motor  Cat  Ret.  Inst.,  UVMV,  Prague, 
Czechoslovakia 

Vehicle  Structures,  Ind.  Conf.,  IMechE., 
London,  Conf.  Pub.  1984-7,  SAE-MEP  200, 
pp  109-113,  4  figs,  11  reft 

KEY  WORDS:  Computet  programs.  Fatigue 
life 

Three  main  groups  of  the  known  cumulative 
damage  calculation  procedures  ate  included 
in  the  described  new  subsystem  2TVOT;  i.e., 
LIFE  being  built  as  part  of  a  software 
system  SADKO  for  evaluation  of  the  con¬ 
tinuous  analog  signals  represented  digitally 
by  means  of  A/D  converters. 


CONFERENCE  PROCEEDINGS 


89-2616 

larcoMasc  84.  fatcmstioBsl  Cooperatiosi  for 
Noise  ConSzol 

Proc.  Ind.  Conf.  on  Noise  Control  Engtg., 
Honolulu,  Hawaii,  Dec.  3-5,  19  84,  2  Volt. 

KEY  WORDS:  Noise  control.  Proceedings 

The  papers  in  these  volumes  covet  the 
endte  field  of  noise  control  engineering.  A 
number  of  papers  on  the  physical  aspects 
of  environmental  noise,  especially  commu¬ 
nity  noise  control  ate  included.  Several 
papers  on  the  subject  of  sound  intensity  are 
alto  presented. 


CRITERIA,  STANDARDS 
AND  SPECIFICATIONS 


89-2617 

MIL-STD-810D  vs.  MIL-STD-810C  -  A 
Detailed  Sommazy  and  Compatisoo.  Past  II: 
Mediod  914 

H.  Caruso 

J.  Environ.  Sci.,  24  (3),  pp  47-52  (May/June 
1985),  5  tables 

KEY  WORDS:  Standards,  T  tdng  techniques. 
Vibration  tetdng 

A  tide-by-side  comparison  of  the  significant 
features  of  MIL-STD-810D  and  MIL-STD- 
810C,  environmental  test  methods  and 
engineering  guidelines  is  presented.  Includ¬ 
ed  ate  details  related  to  general  test  tailor¬ 
ing  policy  and.  application,  test 
environments,  and  test  facilidet. 
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USEFUL  APPUCATIONS 


8S-261t 

>^tatiiMi-RaiMloi0  Reqnitcd 

J.D.  McGrath,  W.  Kindig 
General  Electric  Co. 

J.  Environ.  Sci.,  ZS.  (3),  pp  36-40  (May/June 
1985),  8  figs,  6  tables,  5  refs 

KEY  WORDS:  Random  vibrations.  Screen¬ 
ing,  Testing  techniques 


An  approach  to  hardware  screening  using 
random  vibration  as  a  stimulus  is  presented. 
The  proposed  techniques  were  developed  to 
achieve  a  screening  program  that  is  cost 
effective  and  is  supportable  in  dollar  payoff 
widi  increased  productivity.  Cost  savings 
are  realized  by  avoiding  the  assignment  of 
a  cosdy  combined  environment  facility  to 
each  product  line  and  reducing  the  number 
of  test  cycles  required  in  the  screening 
process. 
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Wave  radiation 
94,  342,  604, 
1120,  1364,  13 


Wave  reflection 
347,  399,  956, 
1886,  1943,  234 


Wave  refraction 
960,  965 


Wave  scattering 
101,  329,  343, 
769,  770,  811, 
962,  964,  967, 
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Wheel  8 
1867,  2072 
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247,  464 

Whipping  phenomena 
593,  394,  595,  943 

Whirling 

57,  38,  206,  871,  1066,  1070, 
1071,  1072,  1073,  1279,  1507, 
1547,  1379,  2407 


Wi  1 8on  method 
2  190 

Wind  fotcee 
238 

Wind  tunnel  teeting 

1090,  1117,  1264,  1301,  1476, 

1477,  1678,  2005,  2468,  2598 

Wind  tunnel  te8t8 
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Wind-induced  vibratione 
891 

Wing  ttotea 

250,  250,  363,  1843 

Winklet  foundationa 
1325,  1885,  2279 

Wite 

1882 

Wood 

483,  1521 


Yaw  angle 
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CALENDAR 


JANUAKY 

2*-30  Rdiabilitf  and  Maintainabilitf 
SfaipoatuB  [ASMS]  Las  Vegas,  NV  (ASME) 


FEBRUARY 

3-d  Intetnadonal  Modal  Analysis 

Confetcnce  [Union  College]  Los  Angeles, 
CA  (Ms.  Rae  D'Amelio,  Union  College, 
Wells  House,  Schenectsdy,  NY  12308  - 
(S18)  370-6288) 


MARCH 

S-7  Illation  Damping  Workshop  n 

[Flight  Dynamics  Laboratory  of  the  Ait 
Force  Wright  Aeronautical  Labs.]  Las 
Vegas,  NV  (Mrs.  Melissa  Artajj,  Administra¬ 
tive  Chairman,  Martin  Marietta  Denver 
Aerospace,  P.O.  Box  179,  Mail  Stop  M0486, 
Denver,  CO  80201  -  (303)  977-8721) 

24-27  Design  Engineering  Conference 
and  Shew  [ASME]  Chicago,  IL  (ASME) 


APRIL 

S-11  International  Conference  on  Acons- 
tics.  Speech,  and  Signal  Processing  [Acous¬ 
tical  Society  of  Japan,  IEEE  ASSP  Society, 
and  Institute  of  Electronics  and  Communica¬ 
tion  Engineers  of  Japan]  Tokyo,  Japan 
(Hiroya  Fujisaki,  EE  Department,  Faculty  of 
Engineering,  University  of  Tokyo,  Bunkyo- 
ku,  Tokyo  113,  Japan) 

13-16  American  Power  Conference 

[ASME]  Chicago,  IL  (ASME) 

29-1  9ds  Intemational  Syaaposiom  on 
BaDislics  [Royal  Armament  Research  and 
Development  Establishment]  RMCS,  Shriv- 
enham,  Wiltshire,  UK  (Mr.  N.  Griffiths, 
QBE,  Head/XT  Group,  RARDE,  Fort  Hal¬ 
stead,  Sevenoaks,  Kent  TN14  7BP,  England) 


MAY 

12-16  Acoustical  Society  of  Aaterica, 
^ring  Meeting  [ASA]  Cleveland,  OH  (ASA 
Hqa.) 


JUNE 

3- 6  Symposinin  and  Exhibit  on  Noise 

Cimtrol  [Hungarian  Optical,  Acoustical,  and 
Cinematographic  Society;  National  Environs 
mental  Protection  Authority  of  Hungary] 
Szeged,  Hungary  (Mrs.  Ildiko  Baba, 
OPAKFI,  Anker  koz  1,  1061  Bud^est, 

Hungary) 

4- 6  Machinery  Vibration  Monitocing 

and  Analysis  Meeting  [Vibration  Institute] 
Las  Vegas,  NV  (Dr.  Ronald  L.  Eshleman, 
Director,  The  Vibration  Institute,  101  W. 
53th  St.,  Suite  206,  Clarendon  Hills,  IL 
60514  -  (312)  6  54-2254) 

6-12  SymposinaB  on  Dynaaaic  Bdhavior 
of  Composite  Materials,  Componeots  and 
Structures  [Society  for  Experimental  Me¬ 
chanics]  New  Orleans,  LA  (R.F.  Gibson, 
Mech.  Engrg.  Dept.,  University  of  Idaho, 
Moscow,  ID  83843  -  (208)  885-7432) 


JULY 

20- 24  fatemational  Computers  in  Engi¬ 
neering  Conference  and  Ediibitian  [ASME] 
Chicago,  IL  (ASME) 

21- 23  INTER-NOSE  66  [Institute  of 

Noise  Control  Engineering]  Cambridge,  MA 
(Professor  Richard  H.  Lyon,  Chairman, 
INTER-NOISE  86,  INTER-NOISE  86  Secre¬ 
tariat,  MIT  Special  Events  Office,  Room 

7-111,  Cambridge,  MA  02139) 

24-31  12di  Intemational  Cotigtesa  on 

Acoustics,  Toronto,  Canada  (12th  ICA  Sec¬ 
retariat,  P.O.  Box  123,  Station  Q,  Toronto, 
Ontario,  Canada  M4T  2L7) 


SEPTEMBER 

14-17  fatemational  Coolctcncc  on  Rotoc- 

dfnamcs  [IFToMM  and  ]apan  Society  of 
Mechanical  Engineers]  Tokyo,  Japan  (Japan 
Society  of  Mechanical  Engineers,  Sanshin 
Hdcusei  Bldg.,  4-9,  Yoyogi  2-chome,  Shibu- 
yak-ku,  Tokyo,  Japan) 

22-25  Wocld  Congtesa  on  Cempotalioaal 
Mechanics  [International  Association  of 
Computational  Mechanics]  Austin,  Texas 
(WCCM/HCOM,  The  University  of  Texas  at 
Austin,  Austin,  TX  78712) 


OCTOBER 

5-8  Design  Automation  Conference 

[ASME]  Columbus,  OH  (ASME) 


5-8  Mechanisms  Conference  [ASME] 

Columbus,  OH  (ASME) 

19- 23  Power  Generation  Conference 

[ASME]  Pordand,  OR  (ASME) 

20- 22  Lubrication  Conference  [ASME] 

Pittsburgh,  PA  (ASME) 


NOVEMBER 

30-5  American  Society  of  Mechanical 
Engineers,  Winter  Annual  Meeting  [ASME] 
San  Francisco,  CA  (ASME) 
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CALENDAR  ACRONYM  DEFINITIONS 
AND  ADDRESSES  OF  SOCIETY  HEADQUARTERS 


AHS  American  Helicopter  Society 

1325  18  St.  N.W. 

Washington,  D.C.  20036 

AIAA  American  Institute  of  Aeronautics 

and  Astronautics 
1633  Broadway 
New  York,  NY  10019 

ASA  Acoustical  Society  of  America 

335  E.  45th  St. 

New  York,  NY  10017 

ASCE  American  Society  of  Civil  Engi¬ 

neers 

United  Engineering  Center 
345  E.  47th  St. 

New  York,  NY  10017 

ASLB  American  Society  of  Lubrication 

Engineers 

838  Busse  Highway 
Park  Ridge,  IL  60068 

ASME  American  Society  of  Mechanical 

Engineers 

United  Engineering  Center 
345  E.  47th  St. 

New  York,  NY  10017 

ASTM  American  Society  for  Testing  and 

Materials 
1916  Race  St. 

Philadelphia,  PA  19103 

ICF  International  Congress  on  Fracture 

Tohoku  University 
Sendai,  Japan 

IEEE  bistitute  of  Electrical  and  Elec¬ 

tronics  Engineers 
United  Engineering  Center 
345  E.  47th  St. 

New  York,  NY  10017 

IBS  Institute  of  Environmental  Sci¬ 

ences 

940  E.  Northwest  Highway 
Mt.  Prospect,  IL  60056 


IMcchE  Institution  of  Mechanical  Engi¬ 
neers 

1  Birdcage  Walk,  Westminster 
London  SWl,  UK 

IFToMM  International  Federation  for  The¬ 
ory  of  Machines  and  Mechanisms 
U.S.  Council  for  TMM 
c/o  Univ.  Mass.,  Dept.  ME 
Amherst,  MA  01002 

INCB  Institute  of  Noise  Control  Engi¬ 

neering 

P.O.  Box  3206,  Arlington  Branch 
Poughkeepsie,  NY  12603 

ISA  Instrument  Society  of  America 

67  Alexander  Dr. 

Research  Triangle  Pk.,  NC  27709 

SAB  Society  of  Automotive  Engineers 

400  Commonwealth  Dr. 
Warrendale,  PA  15096 

SEE  Society  of  Environmental  Engi¬ 

neers 

Owles  Hall,  Buntingford,  Hertx. 
SG9  9PL,  England 

SESA  Society  for  Experimental  Mechan¬ 

ics  (formerly  Society  for  Experi¬ 
mental  Stress  Analysis) 

14  Fairfield  Dr. 

Brookfield  Center,  CT  06805 

SNAME  Society  of  Naval  Architects  and 

Marine  Engineers 
74  Trinity  Pi. 

New  York,  NY  10006 

SPE  Society  of  Petroleum  Engineers 

620  0  N.  Central  Expressway 
Dallas,  TX  75206 

SVIC  Shock  and  Vibration  Information 

Center 

Naval  Research  Laboratory 
Code  5804 

Washington,  D.C.  20375-5000 
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PUBUCATION  POUCY 


Unsolicited  atticles  ate  accepted  fot  publi¬ 
cation  in  the  Sbock  and  A^bcatian  Digeac. 
Featute  atticles  should  be  tutotials  and/ot 
reviews  of  areas  of  interest  to  shock  and 
vibration  engineers.  Litetatute  teview 
atticles  should  provide  a  subjective  cri- 
tique/suiDmat7  of  papets,  patents,  proceed¬ 
ings,  and  reports  of  a  pertinent  topic  in 
the  shock  and  vibration  field.  A  literature 
review  should  stress  important  recent  tech¬ 
nology.  Only  pertinent  literature  should  be 
cited.  Illustrations  ace  encouraged.  De¬ 
tailed  mathematical  derivations  ate  dis¬ 
couraged;  rather,  simple  formulas 
representing  results  should  be  tued.  When 
complex  formulas  cannot  be  avoided,  a 
functional  form  should  be  used  so  that 
readers  will  understand  the  interaction 
between  parameters  and  variables. 

Manuscripts  must  be  typed  (double-spaced) 
and  figures  attached.  It  is  strongly  recom¬ 
mended  that  line  figures  be  tendered  in  ink 
or  heavy  pencil  and  neatly  labeled.  Photo¬ 
graphs  must  be  unscreened  glossy  black  and 
white  ptiou.  The  format  for  references 
shown  in  Digest  atticles  is  to  be  followed. 

Manuscripts  must  begin  with  a  brief  ab¬ 
stract,  or  summary.  Only  material  re¬ 
ferred  to  in  the  text  should  be  included  in 
die  list  of  References  at  the  end  of  die 
article.  References  should  be  cited  in  text 
by  consecutive  numbers  in  brackets,  as  in 
the  following  example: 

Unfortunately,  such  information  is 
often  unreliable,  particularly  sta¬ 
tistical  data  pertinent  to  a  teliar 
bility  assessment,  as  has  been 
previously  noted  [1]. 

Critical  and  certain  related  exci¬ 
tations  were  first  applied  to  the 
problem  of  assessing  system  relia¬ 
bility  almost  a  decade  ago  [2]. 

Since  dien,  the  variations  that 
have  been  develt^ed  and  practi¬ 
cal  applications  that  have  been 
explored  [3-7]  indicate  .  .  . 

The  format  and  style  for  the  list  of  Refer¬ 
ences  at  the  end  of  die  article  are  as  fol¬ 
lows: 


—  each  citation  number  as  it 
appeus  in  text  (not  in  alpha¬ 
betical  order) 

—  last  name  of  author/editor 
followed  by  initials  or  first 
name 

—  tides  of  atticles  within  quota¬ 
tions,  tides  of  books  under¬ 
lined 

~  abbreviated  tide  of  journal  in 
which  article  was  published 
(see  Periodicals  Scanned  list  in 
January,  June,  and  December 
issues) 

~  volume,  issue  number,  and 
pages  for  journals;  publisher 
for  books 

~  year  of  publication  in  paren¬ 
theses 

A  sample  reference  list  is  given  below. 

1.  Platxer,  M.F.,  "Transonic 
Blade  Flutter  —  A  Survey," 
Shock  Vib.  Dig.,  2  (7),  pp 
97-106  (July  1975). 

2.  Bisplinghoff,  R.L.,  Ashley,  H., 
and  Halfman,  R.L.,  AttgcUlli- 
city,  Adtfison-Wesley  (1955). 

3.  Jones,  W.P.,  (Ed.),  "Manual  on 
Aero  elasticity,"  Part  II,  Aero¬ 
dynamic  Aspects,  Advisory 
Group  Aeronaut.  Res.  Dev. 
(1962). 

Articles  for  the  Digcft  will  be  reviewed 
for  technical  content  and  edited  fot  style 
and  format.  Before  an  article  is  submio* 
ted,  the  topic  area  should  be  cleared  widi 
the  editors  of  the  Digest.  Literatnre  te¬ 
view  topics  ate  assigned  on  a  first  come 
basis.  Topics  should  be  narrow  and  well- 
defined.  Atticles  should  be  3000  to  4000 
words  in  length.  Fot  additional  information 
on  topics  and  editorial  policia,  please 
contact: 

Milda  Z.  Tamulionis 
Research  Editor 
Vibtatitm  Institute 
101  W.  55th  Street,  Suite  206 
Clarendon  Hills,  Illinois  60514 


